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ABSTRACT 


„1. Most cultivars of Cyclamen persicum are autotetraploids. This implies that true 
breeding cultivars cannot be obtained by ordinary pedigree selection. Theoretically 
it could be done by repeated pedigree selection in groups of F,-lines, descended from 
one F-line and from one F-plant, or, expressed in other words, by testing part of the 
F-plants not only in F3, but also in F4. It is demonstrated that such a procedure is 
practically impossible by the large numbers of necessary plants. Therefore, the build- 
ing up of a complete collection of diploid cultivars is necessary. 

‚2. The possibilities to reach this aim and which have been discussed in historical 
order, are mainly: (a) crosses of the existing diploids with wild C. persicum and 
crested white; (b) crosses between the existing diploids with the red ‘Firefly’; (c) the 
study of an international collection of cultivars, which has resulted in an unexpectedly 
large number of diploids. 

„3. In principle the problem of building up a complete collection of diploid cultivars 
has been solved. New diploids have been developed and the starting-material for 
numerous others has become available. The methods have been quite elementary: 
collection of existing material, cytological investigation, selection of diploids, in- 
creasing the variability by crossing followed by selection. 

‚4. In the breeding of other plants, perhaps primarily of ornamentals, an unpre- 
judiced attitude towards the value of the existing material is recommendable. 


1. INTRODUCTION 


Most cultivars of Cyclamen persicum which are grown in practice on a relatively 
large scale, are tetraploids (3, 4, 5, 12, 13), while their autotetraploid nature has been 
derived from genetical evidence (9). As will be discussed in detail sub 2 this auto- 
tetraploidy makes the breeding of completely homogeneous cultivars practically im- 
possible. Therefore, cyclamen growing and breeding would be highy rationalized 
when a complete collection of diploid cultivars could be built up to replace the existing 
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autotetraploids. Fundamentally this problem has been solved and the scope of the 
present paper is to state the principles used in the investigations in question. 

For a good understanding, some general items of cyclamen growing and breeding 
have to be mentioned. Cyclamen is a sexually propagated plant. Thusfar a satisfactory 
method of vegetative reproduction has not been found. The seeds are sown from July 
to November and after transplanting the seedlings are potted and repotted. The first 
flowers appear slightly more than one year after sowing. Under greenhouse conditions 
practically no fruit setting takes place due to lack of pollination. For fruit and seed 
production artificial pollination is necessary. Self-pollination is effective, but repeated 
selfing leads to more or less serious deterioration. Therefore, usually cross-pollination 
is applied. The fruits need 5-6 months to ripen. Hence the period from seed to a 
renewed sowing takes 2 years. In practice the corms of seed plants are usually thrown 
away after the harvest of seed, but it is possible to keep them alive for several years. 
After a suitable treatment, plants from ‘old’ corms flower at the end of the year of a 
former seed harvest. 


2. THE IMPLICATIONS OF AUTOTETRAPLOIDY IN BREEDING 


Too little attention has been paid to the difficulties which are characteristic for 
autotetraploids in sexually propagated plants. In 1937 LUNDEN (6) established that 
the potato is an autotetraploid. He could explain several segregations on this basis. 
But in potatoes, like in several other plants, autotetraploidy is not such a serious 
drawback, because a desired genotype can be fixed by vegetative propagation. This is 
not the case in cyclamen, where vegetative propagation is impossible, so that an 
attempt must be made to breed for genetically more or less homozygous cultivars. It 
is worth while to work out the possibility — or impossibility — of this in some greater 
detail than has been done by KAPPERT (4) and in a recent publication by our group 
(13). We shall approach this problem from a general standpoint. 

If A is a diploid gene and « its recessive allele, a diploid cross AA X aa — or reci- 
procally — gives Aa in F,, which produces gametes A + « and an F, of (A + a)? 
> AA + 2 Aa + ax. The former and the latter type immediately breed true in Fa, 
while the middle type segregates as in F. Therefore, it is easy to select both AA and aa 
not later than in Fz and in principle this holds also true if we are dealing with more 
pairs of genes. 

The situation with autotetraploids is completely different. In this case the cross can 
be AAAA Xx aaaax, the gametes are AA and aa respectively, and the F, is AAaa. 
The gametes of this F, are AA + 4 Aa —+ aa and the F, can be calculated from 
(AA + 4 Aa + ax)?. In mentioning the results we shall also give the composition of 
the F; which can easily be obtained by the general principle of raising to a square the 
gametic ratio of the F-genotypes. This yields: 


FE, FE. 
1 AAAA — > mv AAAA 
8 AAAa — > AAAA + 2 AAAa + AAaa 
lS AAL AE ass 
8 Aaa — > AAaa + 2 Aaaa + vara 
laad — ev KAAL 
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From this table we conclude: 

Ist. The all-recessive «aaa segregates in F, in a ratio of 1:35. In diploids this was 
1:3, so that in autotetraploids considerably larger numbers of plants are needed. 

2nd. The all-dominant AAAA also segregates in F, in a ratio of 1:35. In diploids 
this was 1:3. 

3d. Unlike in diploids it is impossible to recognize the all-dominant AAAA by 
growing an F3, because in case of complete dominance an AAAa-F, is indistinguish- 
able from AAAA, because the former does not give a visible segregation due to the 
lack of «aaa. If our problem is the selection of AAAA, at a first glance the solution 
seems to grow an F, by ordinary pedigree selection. However, a closer consideration 
of the problem reveals that this is impossible, for, however it may be, we select from 
F3 both AAAA, AAAa, AAaa and Aaa and cannot distinguish between the former 
two in F4! The problem can only be solved by a repeated pedigree selection in groups 
of Fy-lines. Every group must descend from one F3-line. Let us explain this procedure. 

The difficulty is the distinguishing between AAAA and AAAa in F,. The former 
only yields AAAA-lines in F3, but AAAa yields AAAA + 2 AAAa + AAaa-lines 
in F3 which, as a whole, cannot be separated from the pure AAAA. This can only be 
done by repeating the pedigree selection in groups of Fy-lines which each descended 
from one Fz-line and from one Fo-plant. We can also put it the other way round: 
Each Fy-plant must be tested in F3, and part of the Fs-plants must also be tested in 
F,. In this case AAaa-F3’s will segregate «aaa in F, in a ratio of 1:35 and then we 
know that the Fs-plant was AAAa. In ordinary pedigree selection without grouping 
the F‚ as progenies of one F-plant and one F3-line, we never reach our aim. 

The above procedure is complicated enough, but does not seem impossible. The 
impossibility is revealed, when an estimation is made of the numbers of necessary 

lants. 

i From 35 F‚-plants with the dominant phenotype 1 represents the desired AAAA. 
If we take 175 F,-plants as a starting-point for the F3, the expectation of undesired: 
desired — 34:1 —= (170) : (5) + 2.2. In order to recognize A Aaa in its Fz-progeny, a 
number of 180 plants per F3-line is necessary; the expectation of the segregation is — as 
in Fs —35:1 — (175) : (5) + 2.2. Since it is impossible to recognize AAaa-F’s from 
the others, this number of plants should be taken for all lines. This brings the total 
number of F3-plants to 175 (lines) x 180 (plants) — 31,500. 

From 35 F--lines 18 AAaxa + 8 Aaaa Fy’s — 26 are recognized as undesired, so that 
F,‚ should comprise the progenies of 1 AAAA —+ 8 AAAa — 9 F‚’'s. On the total 
number of 175 Fz-lines, this becomes 5 x 9 — 45 F3's which are the origin for 45 
Fy-groups. The composition of the undesired F3-groups is AAAA + 2 AAAa + 
AAaa, of which AAaxa can be recognized in F,. Its relative frequency in F3 is 1:3. 
Hence, if we take 20 F-lines per group, the expectation is (5): (15) + 1.8. Per Fy-line 
the necessary number of plants is again 180 in order to reveal the 35 :1 segregation 
with a fair chance. This brings the total number of Fy-plants to 45 (groups) Xx 20 
(lines) x 180 (plants) — 162,000! The situation is summarized in a diagram (fig. 1). 

In practice two complications occur: 

Ist. Usually we are dealing with more than one quartet of genes. 

2nd. The necessary inbreeding during at least 3 generations frequently leads to 
deterioration (11). 
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D_ 3150Oplants > 1620O0Oplants 


Fig. 1. THE NECESSARY TESTING OF AUTOTETRAPLOID CYCLAMEN FOR HOMOZYGOSITY OF A DOMINANT 
GENE QUARTET. ALL SELECTED Fz-PLANTS MUST BE TESTED IN F3 AND A PART OF THEM ALSO IN 
F4. FOR FULL DETAILS SEE TEXT. 


On the other hand, incomplete dominance may simplify the procedure, but prob- 
ably this will not enable us to recognize the different genotypes with certainty. 

We must conclude that the breeding of homozygous dominant autotetraploids is 
practically impossible by the necessary complicated method of repeated pedigree 


selection in groups of Fy-lines, but first of all by the necessary numbers of F3- and 
F‚-plants. 


3. POSSIBILITIES TO BUILD UP A COMPLETE COLLECTION OF DIPLOID CULTIVARS 


The former discussion has clearly pointed to the necessity of reducing the number 
of chromosomes in C. persicum to the diploid level if we want to breed pure strains. 
KAPPERT (4) was the first to recognize the undesirability of tetraploid cultivars in 
cyclamen. He tried to solve the problem by crossing 2n xX 4n and reciprocally, 
followed by crossing the triploid F,‚ back to its diploid parent. Although details have 
not been published, success seems to have been obtained, since SEYFFERT (7, 8) in 
his well known investigations on the flower pigments has used KAPPERT’s diploid — or: 
hemiploid — strains. However, there is no indication that these diploid strains are used 
in practical growing. 

Contrary to KAPPERT we have found that as a rule both 2n x 4n and 4n x 2n yield 
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4n F‚'s which remain 4n in later generations. Occasional triploid F‚’s were so highly 
sterile that they were useless. For full details see LEGRO (5). Therefore, other ways 
have been looked for. LEGRO (5, p. 21) has enumerated a number of possibilities, some 
of which proved to have academic value only. One of these is the crossing between 
different species of the genus Cyclamen; after numerous attempts LEGRO (S, p. 44) 
had to conclude that crossing of C.persicum with other species is impossible. 

We shall now describe in historical order the lines of attack which have been success- 
ful or at least promise to be successful with a reasonable certainty. 


3.1. Crosses with wild C.persicum. — At the beginning of our investigations three 
diploid cultivars were known: “White with purple base’, “Syiphide’ (light purplish 
violet) and “White’ which, after a genetical analysis could be symbolized as WWSS, 
WWss and wwSS or wwss respectively (12). From the mediterranean region (Cyprus, 
Israel) wild C.persicum was introduced which was white with purple base, diploid, 
but characterized by small flowers. Crosses with the above mentioned large flowered 
diploids were completely fertile. After rather careful selection three new small 
flowered cultivars were obtained: ‘Sonja’ (white with purple base), “Willie’ (light 
purplish violet) and ‘Anneke’ (white). These are very profusely flowering, while 
several plants have the attractive scent of their wild ancestor. It has been impossible 
to breed for completely homogeneously scented flowers, most probably due to the 
modifiability of this character which makes selection very difficult. The three men- 
tioned new cultivars are being grown in practice to a varying extent. Small flowered 
cultivars were originally grown exclusively and in a large variety of colours, until 
about 1870 large flowered forms were found and in a few years completely replaced 
the small flowered ones. Details of this interesting history have been described by 
DoORENBOS (1). It may well be that the taste of the public will partly change back to the 
small flowered cultivars. 

In our crosses types with a deviating form of the flower were found, resembling a 
butterfly. The genetics of these types was not worked out, but through selection an 
attractive line was obtained in light purplish violet colour. Its provisional name is 
‘Florrie’, but it has not been released yet. 


3.2. Crested forms. — According to DOORENBOS (1) the first cristatum form was found 
in 1885. It had white flowers. Since that year cristatums were obtained in several 
colours, but this characteristic has remained rather rare. We obtained one white 
flowering crested plant with some difficulty in 1947 and this plant turned out to be 
diploid (12). From crosses with the then known diploids the combination of crested 
and white with purple eye was less attractive and the selection was concentrated on a 
crested purplish violet cultivar. The breeding true has met with difficulties due to the 
probably rather complicated genetics — at least two recessive genes — and the great 
modifiability: among the flowers of one plant some may be uncrested, some crested 
in a low degree, others in a high degree. However, in 1960 the goal has been reached 
and the new cultivar which is named ‘Tinka’ will be released in the near future. It is 
especially attractive as a cut flower. 

Also small flowered crested forms have been obtained, but these seem to be of 
relatively little value. 
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3.3. Crosses with ‘Firefly’. — The above described new cultivars still represent 
a very narrow range of flower colours and as a matter of fact do not surpass the 
already known diploid ones. Very fortunately this situation has changed completely 
by the introduction of ‘Firefly’ which DOORENBOS found in the nurseries of Messrs. 
SUTTON and Sons Ltd, Reading, England, in 1952, where it had been grown since 
1923. It has deep purplish red flowers of medium to small size and to our surprise 
turned out to be diploid (see 5, p. 10). 

Crosses with the then known diploids “White with purple base’, “Sylphide’ and 
‘White’ were made as soon as possible and these have given very promising results. 
Quite remarkably the F‚’s of all three crosses, several hundreds of plants, were very 
similar and strikingly uniform. Their colour was pale pink with a purple base. Since 
cultivars with this colour are extremely difficult to breed true, the reproduction of said 
F‚’s may be a method to obtain completely homogeneous material. 

The F‚’s showed an enormous variability of flower colour and roughly speaking 
the impression was obtained that all colours were represented which were known 
thusfar in both diploid and tetraploid cultivars, plus a few new shades. The variability 
was far too great to be genetically analyzed by visual classification and by the use of 
colour charts. Therefore, VAN BRAGT has started an analysis, based upon chromato- 
graphical determination of the flower colour pigments and it may be expected that his 
results will be published in due course. 

In 1960/1961 the F3’s were in flower and these strikingly demonstrated the value of 
breeding on a diploid basis, since several lines were almost completely constant. In 
general, the darker the colours of the selected F‚-plants were, the better they bred true. 
This indicates an increase of recessive genes as the colours become darker. ‘Firefly’ 
itself must be very recessive, since its typical colour did not occur in the F‚’s, although 
some thousands of plants were grown, while it occurred in F3 only very rarely. 

It is without any doubt that relatively easily quite a number of useful new ‘cultivars’ 
can be selected from this material and as a matter of fact the release of the most 
promising lines to practical growers for further selection has already started. As a 
whole the F3-lines had one limitation: their flower size was relatively small. This must 
be ascribed to the relatively small flower size of ‘Firefly’ which characteristic tends to 
be dominant and probably depends on at least three pairs of genes (10). However, 
large flowered plants with several flower colours have segregated and it will certainly 
be possible to obtain large flowered cultivars with the same variation in colour than 
the small or medium flowered ones. 

Also crosses between ‘Firefly’ on the one hand, the three small flowered new culti- 
vars described in 3.1 and crested forms on the other hand, have been made and as 
far as known now the small flower size and the crested corolla can be combined with 
most of the flower colours. 


3.4. International collection of cultivars. — The 14th International Horticultural 
Congress at The Hague-Scheveningen, 1955, proposed our laboratory as “Inter- 
national Registration Authority” for cyclamen and this proposal was adopted by the 
15th Congress at Nice, 1958. The consequence has been that we have collected as large 
a number as possible of the existing cultivars from the Western European countries. 
A number of 232 “samples” — of course not all representing clearly defined cultivars — 
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has been studied cytologically (LEGro), morphologically (DOORENBOS) and chromato- 
graphically (VAN BRAGT). LEGRO (5) has published most of the cytological data, 
while in a joint publication (13) all our findings have been summarized. There is one 
point of special interest in the frame of the present discussion and this is that an un- 
expectedly large number of diploid cultivars was found. LEGRO (5) described 1 
“sample” from Austria, 10 from Belgium, 5 from Denmark, 7 from England, 1 from 
France, 9 from Germany, 30 from The Netherlands, 1 from Switzerland. Among these 
64 samples about 26 rather distinct cultivars occur. This is certainly an impressive 
number, but a closer inspection reveals that by far not all known flower colours are 
represented in cultivars which, for the rest, are worth while to be grown on a practical 
scale. Therefore, these diploids offer very valuable material as parents of new crosses. 

In 1958 crosses were made between the three “old” diploids — as mentioned sub 
3.1 — and the newly discovered diploids ‘Burgundy’ (dark violet purple), “Goldlachs’ 
(vivid purplish red), “Silberlachs’ (strong purplish red), which all have rather large 
flowers. The F’s will flower in 1961/62. Also, crosses between these new diploids 
two by two were made in 1959. The parents for all these crosses were chosen rather 
arbitrarily, but since this is a method of working without principles, this line of attack 
will not be continued. Possible further crosses will wait upon the results of the chroma- 
tographical-genetical analyses of VAN BRAGT, as already mentioned on p. 264. Per- 
haps ‘Firefly’ will be a good parent. 


3.5. “Liebhabersorten’’. — In recent years relatively frequently “new” cultivars are 
put on the market, characterized by usually very large flowers in a variety of colours, 
but as a rule very heterogeneous. Two sources of distribution are De TROYER in 
Belgium and LODDER in The Netherlands. LeGRro (5. pp. 20-21) has studied their 
origin and traced them back to the German ““Liebhabersorten” which must have been 
derived from ‘Flamme’ which was raised by BRAUKMANN in Germany, 1922, but does 
not seem to exist any more. 

In our international collection, described sub 3.4, we have several representatives of 
the cyclamens in question. They are all diploids, but for the rest belong to a population 
rather than to clear cultivars. There is no doubt, however, that very attractive cultivars 
can be easily obtained from this population by a simple line selection. We have 
started such a selection on a small scale, primarily to demonstrate the possibilities 
which this material offers. A very interesting form is a rose rococo which we obtained 
from LODDER and which is a possible starting-point for the breeding of diploid 
rococo’s in all desired colours. 


3.6. A type collection of diploids. — In 1961 we started in bringing together a 
collection of diploids which can serve as parent plants for new cultivars. This col- 
lection consists of: 

Ist. More or less homogeneous cultivars, mainly found by studying the interna- 
tional collection as described sub 3.4. They will be purified, if necessary, by mass 
selection or by line selection according to their degree of purity. In the following list 
are mentioned: name of cultivar; grower (not necessarily identical with breeder); 
flower colour. 
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‘Firefly’; Sutton, Reading, England; deep purplish red. 
‘Goldlachs’; Neske-Schenk, Hohenhameln, West Germany; vivid purplish. red. 
‘New Perle’; De Troyer, Ukkel, Belgium; vivid purplish red. 
“Rose Rococo’; Lodder, Utrecht, Netherlands; vivid purplish red. 
‘Pfirsichblüte’; Tagmann, Hannover, West Germany; strong purplish red. 
‘Silberlachs’; Neske-Schenk, Hohenhameln, West Germany; strong purplish red. 
‘Oranje As’; De Troyer, Ukkel, Belgium; strong purplish red. 
‘Bütterfly’; Fischer, Wiesbaden-Aukamm, West Germany; strong purplish red. 
“Kirschlachs’ ; Binnewies, Alefeld/Leine, West Germany; vivid reddish purple. 
‘Burgundy’; Blackmore and Langdon, Bath, England; deep purple. 
‘Erika’; Binnewies, Alefeld/Leine, West Germany; deep violet purple. 
‘Sylphide’; Man, Aalsmeer, Netherlands; pale violet purple. 
‘Cattleya’; Schwarz, Bern, Switzerland; light purplish violet. 
‘Wit met oog’; Man, Aalsmeer, Netherlands; white with purple base. 
‘Wit’; Man, Aalsmeer, Netherlands; white. 
“Reinweisz’; Schwarzrock, Mödling, Austria; white. 
‘Zilverwit’; De Troyer, Ukkel, Belgium; white. 
For more details see the descriptive list in (13). 

2nd. New cultivars, obtained from our own crosses, as mentioned sub 3.1. and 
3.2, and selections which still have to be purified, as mentioned sub 3.3. 


3.7. Future development. — As has already been indicated sub 3.3, the most pro- 
mising lines from our crosses with ‘Firefly’ have been released to practical growers for 
further selection. This policy will be followed in the future. Our primary object has 
been research on the principles of breeding diploid cultivars. The production of diploid 
cultivars is only undertaken as a demonstration of the possibilities. Through our 
research the material for starting the building up of a complete collection of diploid 
cultivars has become available, but the practical breeding will be left to the practical 
growers. They will be assisted by the “Proefstation voor de Bloemisterij” (Experiment 
Station for Floriculture) at Aalsmeer, to which station we hand over our material in 
the first instance. 


4. DISCUSSION 


The foregoing part has demonstrated that the problem of breeding a collection of 
diploid cultivars of cyclamen to replace the existing tetraploids has been solved in 
principle. The material of origin is ready, some new diploids have been bred already 
and many others are on their way. In retrospect, the method has been most elementary: 
collect the existing material, study it cytologically, select the diploids, increase the 
variability by crossing followed by selection. Our work with cyclamen has started in 
1946 and shortly thereafter the difficulties of autotetraploidy were recognized. Again 
in retrospect it is amazing that we did not start in studying the existing material on a 
large scale before ten years had elapsed. The reason is that we did not expect to find — 
had no reason to expect — a relatively large number of diploids. 

Doubtlessly the elementary method as indicated above may have its value in the 
breeding of several other plants, perhaps especially in ornamentals. The history of our 
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cyclamen work has taught that an unprejudiced attitude towards the value of the 
existing material is recommendable. 

One side-result of our crossing-experiments, as mentioned on p. 264, is perhaps 
worth while to be brought to the fore in this discussion. It is the possibility of obtaining 
completely homogeneous F‚’s with flower colours which are very difficult to obtain in 
homozygous cultivars, probably on account of heterozygosity. With the exception of 
our Firefly-crosses this possibility has not been worked out in detail, but it might be 
worth while to keep it in mind for future work. See also (13, sub 3.2). 

It is interesting to point to the part which international horticultural congresses 
have played in our work. The extremely valuable ‘Firefly’ was collected by DOOREN- 
BOS when he visited the nurseries of Messrs. Sutton and Sons Ltd, after having attended 
the London congress in 1952. Our international collection of cultivars which induced 
us to a large scale systematical study of the existing cultivars was started through the 
impetus of the The Hague-Scheveningen congress in 1955. The first results were 
reported at the Nice congress in 1958 by DOORENBOS et al. (2). 


SAMENVATTING 


Het kweken van diploide cultivars van Cyclamen persicum 


1. Verreweg de meeste der in cultuur zijnde cultivars van C. persicum zijn autotetra- 
ploiden. Aangetoond werd, dat dit het onmogelijk maakt om door gewone stam- 
selectie tot volledig constante rassen te komen. Theoretisch bestaat de mogelijkheid 
dit doel te bereiken door een herhaalde stamselectie in groepen van Fs-lijnen, die elk 
afstammen van één Fa-lijn en van één Fy-plant. Anders uitgedrukt: het toetsen van een 
deel der F-planten kan niet stoppen bij de F3, maar moet tot in F‚ worden voortgezet. 
Berekend werd, dat de benodigde aantallen planten bij selectie op slechts één, doch 
volledig dominante erffaktor in F3 31.500, in F, 162.000 zijn (zie het schema op p. 262), 
zodat de praktische uitvoerbaarheid onmogelijk is. Er resteert dan een poging om een 
geheel nieuw sortiment op te bouwen op diploide basis. 

2. De mogelijkheden om dit doel te bereiken werden in historische volgorde be- 
sproken. De voornaamste zijn geweest: (a) kruising van de bestaande diploiden met 
wilde C. persicum en met cristata-vormen; (b) kruising van de bestaande diploiden met 
de rood bloeiende diploide ‘Firefly’; (c) de bestudering van een zo volledig mogelijke 
internationale verzameling van cultivars, waarin een onverwacht groot aantal diploiden 
werd gevonden. 

3. In principe is het probleem van de opbouw van een volledig sortiment van 
diploide cultivars opgelost. Nieuwe diploiden zijn ontwikkeld en het uitgangsmate- 
riaal voor talrijke andere is beschikbaar gekomen. De hierbij toegepaste methoden 
zijn, achteraf beschouwd, uiterst elementair geweest: verzameling van het bestaande 
materiaal, cytologisch onderzoek, herkenning van de diploiden, vergroting van de 
variabiliteit door kruising gevoigd door selectie. 

4. Ongetwijfeld bestaat bij andere gewassen en wellicht in het bijzonder bij sierge- 
wassen een analoge situatie. Bij het opstellen van een veredelingsprogramma is een 
onbevooroordeelde houding ten aanzien van het bestaande materiaal aanbevelens- 
waardig. 
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ABSTRACT 


The occurrence and the nomenclature of the new physiologic races of the wart 
causing fungus Synchytrium endobioticum are treated. A list of varieties resistant to at 
least one new race has been included and also a list of differentials for the identifi- 
cation of the various races of the fungus. Finally details are given of testing Dutch 
‚potato varieties for resistance against race 6 while some results are mentioned of 
investigations concerning the inheritance of the resistance against this race. 


INTRODUCTION 


Towards the end of the 19th century a new disease was discovered in potatoes. It 
was called wart disease after the symptoms. The causal organism, a fungus, was first 
described by SCHILBERSKY in 1896 under the name of Chrysophlyctis endobiotica. 
In 1909 it was again described by PERCIVAL who changed the name into Synchytrium 
endobioticum (ScHiLB.) PERC.. 

Within a few decades the disease was spread over various European countries 
while it was also found in other parts of the world. In the Netherlands it was 
discovered first in 1914 in the municipality of Winschoten (province of Groningen). 

In trials on infested plots it soon appeared that some potato varieties did not react 
to the wart organism. In addition it became evident that these resistant varieties 
transferred their resistance to a smaller or larger part of their offspring. 

Fortunately the resistant varieties also were not attacked elsewhere on infested 
fields in Europe indicating that only one race occurred on this continent. 

However, the picture changed about 1940 when new races were discovered. 

This article mainly deals with these new races and the inheritance of the resistance 
against one of them. 


THE INCIDENCE OF NEW RACES OF THE WART ORGANISM 


The occurrence of a new race was first reported by BRAUN (1942). He mentions that 
in 1941 the tubers of the resistant variety Ostbote were found to be attacked by wart 
disease on a field near Gieszübel, Kreis Hildburghausen, Thüringen (Central Germa- 
ny). According to BLATTNY (1942) in the same year a new race was found at Budweis 
in South Bohemen (Czechoslovakia). In 1950 the varieties Ackersegen and Bona were 
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attacked in Dorsten, Kreis Recklinghausen, Westfalen and in 1951 the varieties 
Ackersegen, Bona and Heida in Dortmund-Mengede (WINKELMANN, 1952). In 1952 
varieties resistant against the old race were attacked in the Kreise Olpe, Siegen and 
Altena in Westfalen (WINKELMANN, 1953). Other places in West Germany where new 
races have been found are: Schweinsberg, Kreis Marburg, Hessen, in 1953; Kohlhaus, 
Kreis Fulda, Hessen, and Forbach, Kreis Rastatt, Baden Württemberg in 1954 
(Jahresberichte 1955, 1956) and Brachbach, Kreis Altenkirchen, Rheinland Pfalz in 
1956 (Jahresberichte 1958, 1960). 

In Central Germany still other races of the fungus were found as was reported by 
Hey (1948, 1953 and 1957): In 1942 wart disease was stated in Ackersegen, Flava and 
Ostbote at Klein-Schmalkalden, now Pappenheim, Kreis Schmalkalden, Thüringen; 
in 1950 resistant varieties were attacked in Rudolstadt, Kreis Rudolstadt, Thüringen; 
in 1951 in Koppatz, Kreis Cottbus, Brandenburg and in 1956 in Eulendorf, Kreis 
Hainichen, Sachsen. 

At present 8 different races including the old one have been identified, while Hey 
(1954) has indications that the races found in Rudolstadt and Eulendorf differ from 
the foregoing 8 races. On the map of Germany (Fig. 1) the places are indicated where 
new races were found for the first time. 

Originally, when a new race of the fungus was found in Germany (BRAUN 1942), 
the races were named by the first letter of the locality where they were found, except 
the old race which is called D., after the town of Dahlem (near Berlin) where the 
“Biologische Reichs-Anstallt”” was situated. This type of nomenclature is still used 
by Hey (1957); however, UrLricH (1958, 1959a and b) uses a nomenclature in which 
the races are given a number. 

In table 1 a survey is given of the nomenclature of the races in West and East 
Germany, the year of discovery and the first place (or area) where they were found. 


TABLE |. SURVEY OF THE RACES OF Synchytrium endobioticum 


Nomenclature Found 
West Germany | Central Germany in at 
Race | | Race D, 1896 Hornany 
D | G, 1941 Gieszübel 
3 SB 1941 Süd Böhmen 
4 Ps 1942 Pappenheim 
5 | K, 1951 Koppatz 
6 1952 Olpe 
7 1953 Schweinsberg 
8 1954 Fulda 
(ERE 1950 Rudolstadt 
LE, 1956 Eulendorf | 


Race 1 is the old race which is the only one occurring in the Netherlands. Race 2 
has been found both in Central and West Germany. Race 3 presumably has dis- 
appeared. 

Races 4, 5, R, and E‚ have been found in Central Germany only. The races 6, 7 and 8 
have been found in West Germany only. 
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In this survey the places Dorsten, Dortmund-Mengede, Forbach and Brachbach 
are lacking. The races found in these places have not been identified more closely or 
only incompletely, in as far ascould be ascertained froni the literature. 

It is a remarkable fact that nearly all the new races have been found in Germany 
and mainly in the mountainous central regions. Although there are reports about 
wart-like symptoms on resistant potato varieties from Italy, Russia, Czechoslovakia 
and Yugoslavia the identity of new races has not been sufficiently proved. In the 
Netherlands so far no new races have been found although the matter has full attention 
since 1950. 

Outside of Europe at least one race deviating from the old one occurs, viz. in 
New Foundland, where several resistant English varieties are heavily attacked. In 
the Andean regions the parasite is of very common occurrence and everywhere tubers 
with warts can be found there (Toxopeus, unpublished). Nothing is known in these 
areas as concerns biotypes. 


POTATO VARIETIES RESISTANT TO NEW RACES OF THE WART DISEASE 


For all the new races of the parasite resistant potato varieties are now available, 
but the number of varieties is still limited. As resistance occurs within the species 
Solanum tuberosum it is not necessary to resort to other potato species. Yet the sources 
with resistance are mentioned here: S.acaule, S. demissum, S. vernei, S. simplicifolium, 
S.parodii and species of the series Commersoniana, Pinnatisecta, Acaulia, Demissa and 
Tuberosa, according to ROTHACKER (1957); S.acaule, S.andigenum, S. demissum and 
S.polyadenium, according to RuporrF (1958); and S.andigenum, S.chaucha, S.mac- 
millanii, S.phureja (S.kesselbrenneri, S.rybiniüi) and S.stenotomum according to 
ROTHACKER and MÜLLER (1960). 

Table 2 gives a survey of potato varieties resistant to at least one new race. They are 
mentioned in alphabetical order. Most data are derived from German publications, 
among others from Hey (1957), UrrricH (1958 and 1959 a and b) and BRAUN (1959). 


TABLE 2. POTATO VARIETIES RESISTANT TO AT LEAST ONE NEW RACE OF Synchytrium endobioticum 


Variety Resistant to race Susceptible to race 
ATSO velen en 2 EANONOMIRSIRANEN) 
ASCheSS am Un Ne 4,5 il 2 
Blänik WS nt ee re: RDR 4, 5, 6, 8 
Fontana (SZ RANSNO NS 7 
Fortuna IGS 7 
TEN NP Ne Ae (ls Ddl Dl 7 
BruhesHlormchen en IAS 
GIEWONT Ee lS 2,4 
Hassia NE Ee 15 ER 12 NGS 7 
Fillanddt ee en et 12 NAR MONSI(RTNEN) 7 
Hochprozentioc nnen IES MONENS 
[mA STARE oren ne RE 12 
Mr peen NE IPRA ESE (R RE) 
INOZNO VAN Ste ls DGR 
NOwduta eN NEN lD 
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TABLE 2 (continued) 


| 
Variety Resistant to race Susceptible to race 


Prignitzstärke 12, 
Ronda 1,6 
Tabor 2 
Taborky GE OR 16 
Tonen Let ne De 
Saphir 1,6 
Ultimus 12 
Universal 12 
Urgenta (ND 
Zeisig ils 2 


(6, 7, 82) (Ro, E‚) 


Race 3 is not mentioned in this list, because presumably it was lost. The variety 
Fortuna is susceptible to race 7, but yet it has a fairly high degree of resistance!) to 
this race, like the variety Urgenta against the races 6 and 7 (UrLLRIcH, 1958). 

The varieties Argo and Mira and probably also Zeisig are the only ones resistant 
against all the known races. 


DIFFERENTIALS 


UrrricH (1959, a) has composed a list of test varieties for the identification of the 
races. It is given in table 3. 


TABLE 3. DIFFERENTIALS FOR IDENTIFICATION OF 7 RACES OF Synchytrium endobioticum 


Race 
Test variety ï 


Deodararr --… Ee 
Ackersegen . .. — 
Blamikems en care te — 
Winmwversal’… © …. — 2 Je sL 
INORNova … … — 
LASSIE A ee ee: — 
Zuchtstamm . . . — 
Ulitvn — 
NANGA en — > ns | En Ee 


Lt + 
— 


ee 
Set ek ae sp 
+ 


+ — susceptible; — — resistant. 


In this table race 3 has not been included. It is clear that the races 5 and 6 and 5 and 
8 cannot be distinguished with aid of this list. However, this is possible when also the 
variety Urgenta is added (see table 2). 


1) Resistant varieties form no warts at all and no or very few ripe sori under laboratory conditions. 
Several susceptible varieties possess a high degree of resistance as they form either only small warts 
with relatively few winter sporangia, or practically no warts, but still too many ripe sori to be classified 
as fully resistant. 
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TESTING “DUTCH” POTATO VARIETIES FOR RESISTANCE TO RACE 6. 


The discovery of new and dangerous races of the wart organism in Germany rather 
near to the Dutch frontier focussed the attention of the Dutch Plant Protection Service 
to the imminent danger of infection of potato fields in the Netherlands. In order to 
meet the difficulties that might arise when race 6, the most wide-spread new race in 
West Germany, should cross the Dutch frontier a search was made by Dr. TOXOPEUS 
among about 200 potato varieties of diverse origin, including most Dutch varieties, 
for the occurrence of resistance. Therefore in the winter of 1953/54 four tubers of 
each variety were sent to Dr. WINKELMANN of the Pflanzenschutzamt, Münster 
(Westfalen), for testing for resistance to race 6. The outcome of this laboratory test was 
that 21 varieties showed no warts. 

In 1954 of most of these non-attacked varieties about 100 tubers were planted in a 
field near Olpe which was heavily infested with race 6. In this experiment the varieties 
Komeet, Ultimus, and Urgenta remained free from wart disease while the varieties 
Bonatou, Espoir, Furore, Katahdin, Noordeling, Pimpernel, Populair, Present, Ro- 
bijn, Rode Star, Surprise, Ulenborgh and Wilpo were only very slightly attacked. The 
interesting fact is that most of these varieties were derived from the variety Rode Star 
and ultimately all from a cross between the old varieties Daber and Erste von Froms- 
dorf which unfortunately both are extinct now. 

The field trial at Olpe was repeated in the years 1955 to 1958 inclusive, with 13 
varieties. Finally the only Dutch variety in which no single wart could be found even 
after the most rigorous search was Ultimus. However, various other Dutch varieties 
though susceptible showed a fairly high to high degree of resistance!). 


PRELIMINARY DATA ON THE INHERITANCE OF RESISTANCE TO RACE 6 


Through co-operation with Dr. WINKELMANN who supplies infection material every 
year, it has been possible since 1954/55 to test potato varieties and seedlings for their 
resistance to race 6 also in the laboratory of the Plant Protection Service at Wagenin- 
gen. Dutch potato breeders so far have little used this opportunity. However, since 
1954/55 fairly large numbers of seedlings are tested under the guidance of Ir. H. VAN 
LOOKEREN CAMPAGNE on behalf of the Plant Breeding Institute, Wageningen, for 
investigations concerning the inheritance of the resistance. In total some 8,000 different 
seedlings derived from about 100 cross combinations were tested for this purpose 
since. Nearly all non-attacked seedlings have been tested at least twice and if still no 
safe conclusion could be drawn, even more times. The testing is carried out according: 
to a method designed by SPIECKERMANN. Per seedling 3 tubers or 6 pieces of tubers: 
were examined. 

Although the investigations are now in an advanced stage they have not yet ben 
completed. Therefore some few “resistant” seedlings may still be escaped. Below the 
results are given; the cross-combinations are not mentioned separately but groupe 
according to the resistance of the parents. 


1) See note on page 273. 
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TABLE 4. RESULTS OF TESTING SEEDLINGS FOR RESISTANCE TO RACE 6 OF Synchytrium endobioticum. 


Nene % Variation tan VAE seedlings in 
ps 0 the various cross-combinations 
Cross combination | res. 
# seedlings 
eross-comb.\_seedlings lowest %% res. highest % res. 
Susc. X sUSC. Ens 37 2,843 2) | 0 | 52 
Susc. X res. | | 
RS suse. | 42 3,515 44 10 7 
NES 24 On A 14 1,477 63 42 78 


The high mean percentage of resistant seedlings, derived from the combination 
susceptible x susceptible is striking, being very different from experiences with the 
old race (1), whereby from such combinations resistant seedlings arise only as rare 
exception. 

The following susceptibie varieties, after crossing with other susceptible ones gave 
more or less and in some cases a very high percentage of resistant offspring: Bonatou, 
Furore, Komeet, Konsuragis, Monika, Noordeling, Pimpernel, Populair, Robijn, 
Rode Star, Ulenborgh and Urgenta. These susceptible varieties, however, all show a 
variable but in every case rather high degree of resistance to race 6. Obviously they 
all carry genes for resistance and some of them may be called genetically resistant 
though according to strict phytopathological conceptions they are susceptible (see 
note page 273). 

The ecross-combinations susceptible X resistant also produce low and high per- 
centages of resistant offspring. The same, but on a higher level, holds for the cross- 
combinations resistant X resistant. 

The above figures clearly show that the inheritance of the resistance to race 6 is 
different from and considerably more complicated than that to race l (common race). 
Very likely both genes with a dominant and with a recessive effect for resistance are 
involved. The presence of recessive genes is also based on the results obtained with 
progenies of self-fertilized varieties which are susceptible to race 6. A considerable 
percentage of the seedlings of these selfed varieties was resistant. 
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SAMENVATTING 


Physio’s van de verwekker van de wratziekte, Synchytrium endobioticum (SCHiLB.) 
PERC. en enige gegevens betreffende de erfelijkheid van de resistentie tegen physio 6. 

Het optreden en de benaming van de nieuwe physio’s van de verwekker van de 
aardappelwratziekte worden behandeld. Een lijst van rassen, die onvatbaar zijn voor 
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tenminste één nieuw physio is opgenomen, evenals een toetssortiment van aardappel- 
rassen voor de identificatie van de diverse physio’s. Tenslotte wordt nader ingegaan 
op het toetsen van “Nederlandse” aardappelrassen op resistentie tegen physio 6 en 
op enige resultaten die zijn verkregen bij het onderzoek naar de erfelijkheid van de 


resistentie tegen dit physio. 


14. 
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ABSTRACT 


The selection of pulses in Suriname can be distinguished according as the objective 
is aiming at breeding for sandy soils or for heavy clay soils. The selection for sandy 
soils is mainly related to groundnuts for local consumption. 

This article deals with selection for heavy clay soils where pulses are grown in 
rotation with rice and are destined mainly for the world market. The crops are soy- 
beans, cowpeas, blackeye peas, mungbeans and some other, minor crops. The existing 
local varieties were partly superseded by varieties from Indonesia or the Philippines, 
partly by lines selected from local varieties. The results of the investigations led to the 
following conclusions. 

L. Any country wishing to raise varieties that surpass its own local varieties can 
start with simple line selection. 

2. Lines selected from local varieties or varieties from countries with a comparable 
climate and day-length have the best chance of being an improvement. 

3. To prevent the loss of valuable local varieties it is recommendable to grow as 
many of them as is possible, either locally or if need be elsewhere. 


INTRODUCTION 


Almost immediately after the introduction of the wet rice culture on a larger scale 
in the beginning of this century it was shown to be very difficult to grow an annual 
crop in rotation with rice. The nature of the soil (being heavy clay), the inconstant 
weather, insufficient water control and the imperfect culture methods were causes of 
the poor results. Assuming that growing a second crop involves risks, the farmers pay 
little attention to their crops. Consequently they fail more often than they should 
through natural causes only. 
Since the beginning of this century a fairly large number of varieties of pulses and 
other annuals was introduced in order to grow crops which would be more suitable 
for the specific conditions and also with the idea in view to restrict in the future the 
import of brown beans and yellow split peas. However, none of the imports before 
1950 has been able to establish a hold. 

When starting systematic breeding programmes in 1951 there were three obstacles 

in the way of growing a second crop after rice. First it was very difficult to get the 
rice sawahs ploughed and to keep the soil in good structure. Secondly the crop ran 
_the risk of dying because of drought or of water damage without growers having an 
opportunity to exert an influence on these factors. Thirdly none of the indigenous 
varieties had the quality desired by the world market. This point needs elucidation: 
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an increase of the local production of pulses in the first place could replace part of the 
import of pulses which amounts to Sf 400,000 annually. On account of a certain 
preference of the consumers as concerns flavour, imports could only partly be re- 
placed. Even if a second crop could be introduced on a small scale there is a risk of 
over-production. Thus, if second crops were to be started on a larger scale, it is 
necessary to ascertain which species and qualities can be offered for sale on the world 
market. 

To overcome the three difficulties mentioned above it was necessary to find solutions 
outside the field of plant breeding. Two of the obstacles could be obviated by mounting 
ridges, a method suggested by UBELS and developed by FORTANIER (5). The method 
_ can be applied only in the case of larger fields where both irrigation and drainage 
can be carried out. In the furrows between the ridges the water can be allowed to run 
away. This procedure prevents the soil on the ridges from becoming puddled. This 
system was highly satisfactory in a number of cases, but before recommending it to 
farmers it should be worked out technically and economically in more details. However, 
the third question, of saleability, still stands in the way of growing a second crop. 

The problems and execution of a selection programme for pulses were treated in 
detail in six articles, published in “De Surinaamse Landbouw” (2). In the first article 
of this series these problems were discussed in more detail (3). In this article a survey 
is given of what is being done in this field in Suriname, in particular for what can be 
considered to be of general importance. 


SELECTION OF PULSES FOR HEAVY CLAY SOILS 


Glycine max (L.) MERRILL, the soybean 


The selection of soybeans in Suriname aimed at the development of a variety 
suitable for growing after rice with seed acceptable for the world market. The charac- 
teristics desired were big, roundish, eream-coloured seeds, without cracks in the seed- 
coat; many, large, many-seeded, non-shattering pods, the lowest at least 10 cm above 
ground; very leafy at flowering time and non-lodging. Selection for resistance to 
diseases was not carried out, because in Suriname the soybean is severely attacked 
only in rare cases. The breeding method was simply selection of pure lines, followed 
by variety trials for production (4). From the United States of America 59 varieties 
were imported, from Indonesia 16 and from the Philippines 4. All the American 
varieties had to be discarded, most probably because they were not adapted to the 
day-length of Suriname. We could, however, detect varietal differences in the response 


to the conditions of Suriname. The three varieties chosen for multiplication and 


release were Laris, Wada and Bilomi 1. 

Laris, originally named no. 27, is a selection from the variety Otan (no. 16) made by 
Dr. L. KocH at Buitenzorg, Indonesia. Otan was imported into Indonesia from Tai- 
wan in 1918, Laris certainly is not an ideal variety but it produces well, also under 
difficult conditions. The plant is multibranched, has a tendency to lodge, but is some- 
what tolerant to waterlogged soil. The small, mostly two-seeded pods are densely 
covered with brown hairs. The seeds are small and black. The seed is sought for in the 
fabrication of tempé, a cake of fermented, cooked beans, much consumed by Chinese 
and Indonesian people in baked form. 
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Vada, a selection made by Ir. J. G. J. VAN DER MEULEN in Indonesia, conforms much 
better to the exigencies of mechanized farming and harvesting. The plants are practi- 
cally unbranched and do not lodge. The seeds are rather big and cream-coloured. 

Bilomi 1, selected by Mr. E. E. CRUz, Bureau of Plant Industry, Manila, Philip- 
pines, has large, oviform, cream-coloured seeds. The plants are very vigourous. 
Under favourable conditions they can reach a height of 1.50 m. The leaves are dark 
green, large and very broad. Once, in a multiplication field, it produced 30.2 kg/are, 
wlicr is equivalent to 2,688 lbs per acre, a very high yield for Suriname. 


Vigna sinensis SAVI ex HASSKARL, cowpea and blackeye pea 


The starting point for the selection of Vigna sinensis in Suriname was formed by 
four local varieties: two cowpeas, one blackeye pea and one white-seeded variety. 
Mr. J. L. vAN DICK of the Agricultural Experiment Station isolated two higher 
yielding strains from the local variety “capucijner’”’, a cowpea. These varieties were 
also an improvement with regard to the pods being not concealed by the foliage and 
the majority of the pods ripening in the period of a few days. In 1956 a great number 
of varieties of different origin were received from the Regional Plant Introduction 
Station, Experiment, Georgia, of which about 300 lots proved to have germinating 
power. In 1956 also approximately 300 strains of the 4 local varieties were taken into 
observation. On the basis of comparison of plant characteristics and production, six 
local and two foreign strains were kept for final trial. The selection was aimed at 
twining, branched, fast-growing plants, with many leaves, long, sturdy, vertical 
flower stems and with pods ripening in a few days. The pods should be long, thick and 
somewhat curved, non-shattering and thin-walled. Most probably a blackeye colour 
is wanted and a kidney or ovoid shape. The table presents the relative production of 
the eight varieties still under observation, the average of eight trials. 


TABLE 1. RELATIVE AVERAGE PRODUCTION OF EIGHT VARIETIES OF VIGNA SINENSIS 


Variety Prod. Variety Prod. 
Capucijner LP 5401/6 100 Djaripesie LP 5601 82.4 
Capucijner LP 5403A pure 92.1 Blackeyepesie LP 5614 77.8 
Capucijner LP 5403 A/3 85.2 Chinese Red, wilt resistant TIES 
Capucijner LP 5403 A/46/1 84.4 Giant blackeye 62.2 


The local variety capucijner was most productive; the strains in the local varieties 
djaripesie and blackeyepesie will be maintained because of domestic preferences. The 
two foreign strains Giant blackeye and Chinese Red wilt resistant will most probably 
be rejected because of low production. This experience with 300 local and 300 foreign 
strains of Vigna sinensis shows the great value of local varieties in the initial stages 
of a selection program. 


Phaseolus radiatus L., mungbean 


The mungbean was included in the selection programs. This crop is indigenous and 
offers an extra possibility for cultivation after rice because the growing cycle is very 
short, 60-70 days. This gives a better chance to escape adverse conditions. The local 
varieties urdi and katjang idjoe, were compared with Jumbo mung 710 and Trinidad 
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mung. Urdi was entirely unsuited. Katjang idjoe and Jumbo mung 710 were quite 
similar in growing habit, but the seed of the Jumbo mung had a better quality. Both 
varieties have rather sparse foliage. They ripen within a few days. The variety Trinidad 
mung yields highest of all, the foliage is equally dense as that of the soybean, but the 
ripening period stretches over three weeks. This makes it very difficult to produce seed 
of high and uniform quality when harvesting mechanically. A dense foliage is a 
desirable character as it eliminates the weed problem to a considerable extent. Most 
varieties of Phaseolus radiatus do not give enough shadow on the ground to prevent 
weed growth. 

The world market for mung beans depends largely on the failure of the crop in 
Oklahoma. There is only trade when the American farmer cannot meet the domestic 
demand for sprouted beans. Prices and volumes are very erratic. It will be very 
difficult to base a program for the extension of the mungbean culture on this situation. 
It can be stated, however, that the very best qualities will have the best chance to 
compete. Quality is mainly dependent on uniform and lightgreen colour, big, globular 
seed and a very high percentage of viable seeds. Only lots with a germinating power 
higher than 95 % are considered, but the percentage should preferably be 99. Some 
varieties introduced in 1959 are interesting with respect to the size and the colour of 
the seed. 


Other pulses 


The miscellaneous pulses tried out were the common bean (Phaseolus vulgaris), the 
lima bean (P.lunatus), and the pigeon pea (Cajanus cajan). Common beans were 
unsuited to the local conditions. Lima beans performed somewhat better but none of 
the varieties tried could be chosen for multiplication and subsequent release. The crop 
should offer some possibilities for future adaptation by selection work, because a pole 
form is indigenous. With the pigeon pea the main difficulty was a bad filling of the 
pods during rainy periods. Vegetatively this crop grew well. 


Non-leguminous annual crops 


Sesame (Sesamum indicum), castorbeans (Ricinus communis) and sorghum (Sorghum 
and Pennisetum) were also tried out as second crops. Sesame varieties from Venezuela 
offer promising possibilities. The main difficulty encountered is the shattering of pods. 
Castorbean has only economic possibilities when grown and harvested mechanically. 
The North-American varieties proved to be unsuitable. Sorghum has shown some very 
good yields. This crop deserves more attention. 


DISCUSSION 


From the results obtained with the selection of pulses in Suriname some conclusions 
can be drawn which may be also of importance outside Suriname. The crops under 
study were selffertilizing crops producing harvests within 3} months. The breeding 
work therefore could be restricted to collecting varieties and to line selection. 
In cases when such programmes are started for the first time a variety which proves 
to yield more or has better qualities than the customary local varieties, can be released 
after some six years. As the method can be applied to any local variety it can be used 
successfully in any country where improvement of pulses is wanted. It is necessary 
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that a prospective breeder of pulses knows his crop thoroughly and also has an eye for 
valuable qualities occurring in the local varieties. He should be also capable of 
keeping up tbe administration of lines. 

That local varieties and varieties of a similar climate and latitude are preferable is 
shown by the results obtained in our trials. However, this conclusion should be con- 
sidered with some caution as became evident from experiments with soybean varieties. 
The varieties imported from the USA had to be discarded all while those from Morocco 
and Taiwan made a good impression. It is possible that through continued purification 
at a station the basis of adaptation of American varieties has imperceptibly become 
narrow while those from Morocco and Taiwan, which were more of a primitive land- 
race nature, had retained much of their original flexibility. If this is true a programme 
in which the basis of adaptation of a variety is determined only in a very late stage 
would derogate the possibilities of the varieties. 

The advantage of local varieties may also appear from the results with Vigna sinensis. 
Three hundred lines from all over the world were compared with 300 lines derived 
from local varieties. Only a few lines from these could be retained while all the lines 
from abroad had to be rejected. For a future development of agriculture in under- 
developed countries it is important to collect as many local varieties and also cultivated 
varieties of pulses as is possible, in order to secure them from being lost (1). The best 
procedure is to increase the local varieties in regions where they have originated so 
that no characters are lost. However, when this is not possible it is advisable to protect 
them in other places. 


SAMENVATTING 


De selectie van peulvruchten in Suriname. III. Soja, Surinaamse capucijner, 
boonerwten, groene boontjes en enige andere peulvruchten 


De selectie van peulvruchten in Suriname kan in twee delen worden onderscheiden. 
Ten eerste de selectie ten behoeve van de zandgronden. Dit betreft voornamelijk 
aardnoten, die lokaal worden geconsumeerd. 

Dit artikel handelt over het tweede deel, de selectie van de met rijst roterende 
gewassen, die op zware klei moeten worden geteeld en waarvan het product hoofd- 
zakelijk voor de wereldmarkt is bestemd. De gewassen zijn soja, Surinaamse capucij- 
ner, boonerwten, groene boontjes en enige andere peulvruchten van geringe betekenis. 
De landrassen werden daarbij ten dele overtroffen door rassen uit Indonesië of de 
Philippijnen, ten dele door lijnen uit de landrassen. Aan de resultaten van het verede- 
lingsonderzoek werden de volgende conclusies verbonden: 

L. leder land dat zijn landrassen van peulvruchten wil laten overtreffen door nieuwe 
rassen, kan beginnen met eenvoudige lijnselectie; 

2. Lijnen uit lokale rassen of rassen uit landen met overeenkomstig klimaat en 
daglengte maken de meeste kans een verbetering te betekenen; 

3. Om verlies van waardevolle landrassen te voorkomen is het aan te bevelen dat 
er zoveel mogelijk, liefst ter plaatse maar desnoods elders, onder controle worden 
voortgeteeld. 
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ABSTRACT 


The culture of immature rice embryos is possible on a sterile medium made of 5 g 
of a mixture of mineral salts, 20 g dextrose and 7 g agar per liter water. 

The test tubes should be sufficiently closed to prevent evaporation of water. 

The quantity of endosperm adhering to the embryos has no influence on success of 
the culture. 

It is possible to obtain seedlings from embryos of 7 days old, perhaps of 6 days. 
The germination is satisfactory for embryos which are 8 days old and it reaches 100 % 
for embryos which are 10 days old at least. 

The method can be applied to immature seeds derived from interspecific crosses 
and also to mature seeds which show a difficult germination. 


INTRODUCTION 


Embryo culture on a synthetic medium is a common procedure in plant breeding. 
It is sometimes used with embryos excised from mature seeds, but with immature 
seeds its application is more frequent and may give more spectacular results, especial- 
ly in the case of interspecific hybrids. 

In some interspecific or intergenetic crosses fertilization occurs and the embryo 
begins to develop normally. However, it dies after some time because the endosperm 
is defective. In such cases it is impossible or difficult to obtain ripe seeds and bybrid 
plants. Embryo culture of these incompletely developed seeds on a synthetic medium 
often succeeds in producing an F,. 

In rice, embryo culture was used by AMEMIYA, AKEMINE and TORIYAMA (1956a, 
1956b). NAKAJIMA and MORISHIMA (1958) have obtained various interspecific hybrids 
by using the techniques designed by the former authors. Similar investigations are also 
included in the programme of the Station at Cuttack, India, and some informations 
are given in the annual report for the year 1955-1956. 

At the Genetics Division of the I.N.E.A.C., Yangambi, Congo, a series of crosses 
has been made between different species of the genus Oryza, both cultivated and wild 
forms. Some of them succeeded without difficulty but many did not produce viable 
seeds: fertilization took place, the eggs enlarged and grew more or less, depending on 
the species used in the crosses; but the lower part of the ovary, where the embryo is 
situated, was generally swollen, while the part normally filled with albumen remained 
small and collapsed before maturity. 

Some experiments were conducted with embryo cultures of pure lines in order to 
apply the techniques to the hybrid embryos. 

*) Now Chargé de Recherches of the FNRS (Fonds National de la Recherche Scientifique), 
Belgium. 
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Culture medium 


The list of mineral components recommended by various authors is only slightly 
different. The solutions used by TuKEY (1933, 1938), BEASLEY (1940), BRINK, COOPER 
and AUSHERMAN (1944), RANDOLPH (1945), RAPPAPORT (1954), NucHowicz (1955) 
and the media which served for in vitro culture of roots removed from plants (Warre, 
1934: BONNER and ApDICOTT, 1937; ROBBINS and ScHMIDT, 1938), all contained the 
ions Ca, K‚ Mg, Fe, NO3, Cl, SO, and a phosphorus ion (PO, HPO,, PO;). The 
method of preparing the media varies, as well as the total concentrations, but the pro- 
portions of the constituing salts are generally similar; yet there are also important 
differences. In the list below a survey is given of the concentrations of mineral salts 
mentioned by some authors. 


NucHowicz (1955): 43.4 _g per liter 
Tuxey (1933): 15e per ter 
BRINK, COOPER and AUSHERMAN (1944): 0.75 g per liter 
BONNER and Appicorr (1937): 0.433 g per liter 
RANDOLPH (1945): 0.433 g per liter 
Wuite (1938): 0.385 g per liter 
BEASLEY (1945): 0.296 g per liter 


For the formation of chlorophyll in partially developed embryos, it is necessary to 
add sugar to the medium (TukKey, 1938). Mostly sucrose (2 to 5 %) or glucose (0.5 to 
2 %) is used. It is also necessary to add agar in order to keep the embryo at the surface 
of the culture; usually not more than 6 to 10 g/l is given, not to inhibit the penetration 
of the rootlets. The pH varies from 5.5 to 6.3. 

For the germination and the growth of some embryos it is necessary or useful to add 
also purified growth substances or natural products containing growth substances and 
minor elements. 

AMEMIYA, AKEMINE and TORIYAMA (1956a) have cultured rice embryos on a nutrient 
medium composed according to Warre with addition of 0.8 % agar. They have shown 
that fructose, glucose, sucrose and maltose are the most suitable carbohydrate sources 
and that 30°C is the optimum temperature. Without being indispensable for the 
development, some growth substances (especially IAA *) and organic extracts (yeast 
and potato) accelerate the elongation of the seedlings. They also reported that the 
optimum pH is 6 to 7 but that rice plants easily become adapted to very different pH 
values. At Cuttack, the medium recommended by RANDOLPH was used. 

For rice, the present author used a medium based on recommendations by various 
workers. The constituents were six mineral salts in the following proportions: 


Ca(NO3)2.4aq 6 g4 


KNO; Zale 
KCI 16 g 
MgSO, 09 g 
CaHPO,.2 aq 0.25 g 
FeSO,. 7 ag 0.05 g 


1) IAA — Indole-acetic-acid 
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This mixture was dissolved in different volumes of water for various experiments. 
The carbohydrate source was dextrose and the medium was solidified by bacto-agar. 
No further supplementary organic substance was added. ‘The hot solution was 
poured into test tubes of the ordinary type, stoppered with cotton, or closed by 
means of screw caps. The medium was sterilized in an autoclave by heating for 30 
minutes at a pressure of 20 pounds per square inch (1.5 kg/m?). 


Dissection of the embryos and culture conditions 


In rice, the glumes envelop the caryopsis closely, their removing is difficult when the 
endosperm is still liquid. The operation can be facilitated by cutting the top end of the 
uppermost glume in the flowering stage. After removal of the glumes, the caryopsis 
can be superficially disinfected by dipping it for 5 minutes in a solution of HgCl, 0.1 % 
to which a few drops of a wetting agent are added. The disinfectant is then removed 
by soaking the caryopsis five times in sterilized distilled water. 

The rice embryo is situated laterally at the bottom of the caryopsis; in the young 
seed it is hardly 0.5 mm in length and not visible to the naked eye. Yet it can be 
located by the presence of a translucent zone of the pericarp situated at the same level. 
The dissection should be carried out on a sterile piece of filter paper in order to keep 
aseptic conditions. With a scalpel, the lower lateral part of the caryopsis is cut out 
and removed with a small part of endosperm. The embryo and the partially envelo- 
ping pericarp are finally put on the culture medium. 

The tubes are first placed in an oven at 30°C. On the appearance of the first leaf 
the seedlings need light. By day the vials are placed near the windows; a day light 
fluorescent tube improves light intensity and gives a temperature of about 30°C. 

A rather delicate stage is the transfer of the seedlings from the artificial medium to 
the soil. They are transplanted as soon as the leaves become too large for the test 
tubes. After planting the growth of the seedlings is slower during 8 to 15 days; most 
roots already formed stop growing and are replaced by adventitious roots emerging 
after transplantation. To avoid losses at this stage, it is useful to keep the soil moist 
and to shade the plants for some time. 

In an experiment 20 seedlings cultured in sterile tubes until the two or three leaf 
stage were transplanted into soil without shading; however, they were watered every 
day. Although the first leaves dried out soon, 18 of them survived and recovered as 
rapidly as the shaded ones. However, the shade is useful during a few days and may 
prevent any loss during transplantation, especially when the seedlings are very weak. 


OBSERVATIONS AND EXPERIMENTS 


Concentration of the solution 


A first experiment was carried out mainly to determine the optimum concentration 
of the mineral solution. In four series of test tubes the salt mixture was diluted in 
0.1, 1, 10 and 100 liters of water. The total mineral concentrations were 109, 10.9, 
1.09 and 0.109 g/l respectively. In all these cases the dextrose concentration was 2 %. 
In a fifth series the tubes contained the same mineral solution (1.09 g/l) but without 
sugar. In a last series, only sugar was added (2 %). The agar concentration was 1 % in 
all experiments. Each series had 16 replications; 8 tubes were closed with screw caps 
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and 8 others were stoppered with cotton. The embryos used were derived from the 
Madagascar rice variety Vary Lava No. 702. They were dissected 8 days after 
flowering. 


TABLE |. INFLUENCE OF CONCENTRATION ON THE CULTURE OF RICE EMBRYOS 


Concentration Type of Number of asen Number of 

of salts TD ERNDS closure embryos Germinauon seedlings 
109 g/l Ds screw cap 8 — — 
109 g/l | 2 cotton 8 — = 
10.9 g/l 2196 screw cap 8. 8 6 
10.9 g/l Ds cotton 8 / 6 
1.09 g/l | 2 | screw cap 8 7 6 
1.09 g/l OR cotton 8 zi 5 
0.109 g/l Ds screw cap 8 8 8 
0.109 g/1 20/4 cotton 8 8 3 
1.09 g/l — screw cap 8 2 = 
1.09 gl — cotton 8 5 — 
— DN screw cap 8 8 — 
— 205 cotton 8 8 — 


The table shows that a very high mineral concentration (109 g/l) inhibits germi- 
nation completely; the embryos show a weak turgescence but fail to develop. The 
following three solutions, containing 10.9, 1.09 and 0.109 g salts per liter water, 
show a similar degree of germination, viz. of 15, 14 and 16 embryos respectively when 
the two kinds of tubes are taken together. 

The number of seedlings with a sufficient development to be transplanted were also 
the same for the three solutions: 12, ll and 11, respectively!). Yet in the lowest 
concentration the seedlings grew more irregular and slender, their development was 
sometimes very slow after a normal start. The roots remained shorter in the solution 
with the highest concentration. 

In all three cases, the germination of the embryo and the growth of the seedlings 
proceeded rapidly (fig. 1). The day after sowing the embryo began to enlarge; the 
coleoptile and the radicle generally appeared on the following day elongating grad- 
ually, especially the radicle. Four days after the culture started the root measured 
about 2 cm and then the first leaf appeared. The second leaf became visible on the 
fifth or sixth day, and the first adventitious and secondary roots were formed (fig. 2). 
Again a few days later the seedlings had outgrown the length of the test tube and 
could be transplanted into the soil. 

When no mineral salts or sugar are added to the medium, germination may start, 
but growth does not continue. In the tubes without dextrose the coleoptile reached at 
most a length of 6 to 7 mm, but no leaf was formed; the radicle showed no develop- 
ment or did not exceed a length of 1 cm. In a medium with only sugar, the coleoptile 
reached a length of at most 5 mm and remained weak; the radicle did not appear or it 
generally did not become larger than the coleoptile. 


1) The seedlings that did not reach a complete development died from infection starting soon after 
germination. When the root system shows a good development and the first leaves are visible, the 
seedlings are capable of resisting later infections and can be transplanted. 
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FIG. 1. RICE SEEDLINGS AFTER Î, 2, 3, 4 AND 
6 DAYS OF CULTURE ON STERILE MEDIUM 


Fia. 2. DEVELOPMENT OF THE SEEDLING AFTER 
6 DAYS OF CULTURE; THE SECOND LEAF 
IS APPEARING. 


The germination showed no difference in the tubes closed by a screw cap as com- 
pared to those stoppered by cotton: for the three suitable solutions 23 embryos out 
of 24 germinated in the screw cap tubes and 22 in the others. There was difference in 
the number of seedlings that developed completely, 20 and 14 respectively. This 
difference is particularly due to the defective growth of the majority of the seedlings 
in the tubes containing the most diluted solution and which were stoppered by cotton. 
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It is clear from this experiment that the simultaneous presence of mineral salts and 
sugar is indispensable for the growth of the seedlings. The composition of the medium 
was well adapted, since the germination was almost general when no infection occur- 
red. The salt concentration may be varied between wide limits before an inhibitive 
threshold is reached; however, the plants are less vigorous in the case of the strongest 
dilution. A concentration of about 5 g/l seems to be the optimum; the root system 
then will be more developed than in a solution of 10.9 g/l. It is possible to use a 
smaller quantity of the substratum than in the case of a lower concentration. This 
smaller volume of nutrient medium leaves more space to the foliage and makes it 
possible to keep the seedlings somewhat longer in the tubes. 

The quantity of agar was a little too high; in many tubes the radicle succeeds in 
penetrating into the substratum only with difficulty. The very slow growth and the 
death of many seedlings are due to this difficulty. The percentage of germination and 
the number of infections were similar for the two cultures: screw cap and cotton; 
the use of screw caps‚ anyway, is preferable, since they prevent the evaporation of water. 
The penetration of roots was more difficult in the tubes stoppered with cotton and the 
slowest seedlings suffered most from this. 


Importance of the endosperm 


In the second experiment the medium contained 5.05 g salts per liter water (initial 
medium diluted in 2 liters water), 15 g dextrose and 7 g agar. The aim of this experi- 
ment was to investigate whether it is useful or harmful to keep, beside the embryo, 
a certain quantity of endosperm. 

Three treatments were compared (fig. 3): 


|. Embryos excised with as small a part of the caryopsis as possible (as in the pre- 
ceeding experiment). 

2. The inferior part of the caryopsis cut obliquely in such a way that together with the 
embryo a layer of the endosperm was excised. 


3. The lower half of the caryopsis. 


FIG. 3. THE THREE TREAT- 
MENTS COMPARED IN 
THE SECOND EXPERI- 
MENT. 
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The variety Vary Lava No. 702 was used in all these treatments. The embryo was 
dissected 8 days after flowering and the cultures were carried out in vials closed by 
means of a screw cap. 


TABLE 2. INFLUENCE OF THE ENDOSPERM 


| Treatment 1 \_Treatment 2 | Treatment 3 
\ | 
Number of embryos | 10 | 10 | 10 
Germinations after 3 days 8 l = 
£ KA 8 ij 1 
35 A 8 7 4 
ne Sr 8 dl | 8 
Transplantations after 14 days 6 7 8 


It is apparent from the data that increasing the quantity of endosperm accompanying 
the embryo induces a delay of the germination. After a week, there were no more 
differences between the three series and the seedlings had the same size at transplan- 
tation. Infection was mostly observed in the third treatment (half-caryopsis) but the 
seedlings resisted the attack and survived, due to their more rapid growth. 

The earliness of the germination can be explained from the way it is performed. 
When there was very little endosperm (treatment 1) the embryo enlarged and went 
entirely out the small pericarp cup; this occurs as soon as the first or the second day 
and the germination began slightly later. When the lower part of the caryopsis was 
kept, the embryo remained enclosed between its wall and the endosperm; in most 
cases the coleoptile and the radicle emerged after penetrating through the wall in the 
same way as in normal germination. Yet sometimes the seedling was too weak to go 
through the envelope of the caryopsis; it developed inside and appeared at the place 
where the seed had been cut‚ between the endosperm and the spermoderm. When less 
endosperm was kept (treatment 2) the behaviour of the seedlings was variable; the 
embryo began to push away the pericarp, came through the wall or developed in 
the endosperm. 

The three methods gave similar results. Practically, it is easier to keep a certain 
quantity of endosperm and that reduces the risks of injury to the embryo. 


Concentration of dextrose 


In the first experiment where the sugar concentration was 2 % the seedlings often 
showed at the moment of transplantation a wilting of the leaf blade of the first leaves. 

In the second experiment (1.5 %), despite the decrease of the sugar content, this 
drawback was maintained and the leaves were paler than before. 

The aim of the third experiment was to determine the best sugar concentration. 
Otherwise, the nutrient medium was the same as before (5.05 g salts and 7 g agar per 
liter water). The embryos were dissected 9 days after flowering and an upland rice 
variety from Vietnam was used. 

With 10 % sugar, growth was very poor, the plumules hardly elongating to l cm 
and becoming thick, while the leaves did not extent at all and turned yellow after 
some time. The development of the root system also was defective. All the seedlings 
degenerated between the 8th and the 15th day. 
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TABLE 3. INFLUENCE OF THE DEXTROSE CONCENTRATION ON THE CULTURE OF RICE EMBRYOS 


ber Ni mDer ef Seedlings alive after (days) 
of dextrose embryos 4 6 11 DD) 30 
18/5 10 7 | 8 8 8 8 
DIL 10 Ke) | 9 9 9 9 
5 10 10 10 10 10 10 
10 % 10 6 7 5 z ki 


The germination and growth were good for the three other concentrations. With 
2 % dextrose, they developed more rapidly. With 1 % the seedlings were smaller and 
grew somewhat slower; the leaves were paler. With 5 % too the plants grew fairly 
slow, but they were vigorous. However, in this case the leaves sooner turned yellow. 

On the whole the concentration of 2 % used in the first case was the most favourable 
of the four. The yellowing of the leaves was not due to lack of sugar, since it occurred 
more often with 5 %. Apart from that it did not influence the development of the 
seedlings. This yellowing took place fairly suddenly and irregularly in the same series; 
it often seems to be induced by a higher temperature of the tubes placed in the sun. 

The seedlings were transplanted usually at the age of 10 to 15 days, when they had 
reached the top of the tubes. From the table 3 it is evident that the seedlings can live 
longer in the nutrient medium, at least 30 days. The leaves folded many times within 
the space available enforcing the bottom of the plant to go down into the solution. 
The seedlings remained alive after one month of culture but the growth was slower 
than during the first two weeks. 


Age of the embryo 


In some interspecifice crosses, the caryopsis fails sooner or later after pollination. 
To obtain a maximum number of hybrid seedlings, embryo culture should be started 
as early as possible. It is therefore important to know from what age a sufficient ger- 
mination can be expected. In this experiment the germination of embryos dissected 
from seeds of different age was compared. They were derived from the same Vietnamese 
variety. 


TABLE 4. INFLUENCE OF THE AGE OF THE EMBRYO 


Age of the |__Number of Germination after (days) 
embryo embryos 3 | 4 | 5 6 7 8 10 14 
nen | 
4 days 10 | — 
ded 10 | | - - 
Gen, 10 | | — 
ie 10 = mii, ll 4 6 7 ul 6 
8 10 5 8 KOT KO 10 10 10 10 
9 10 8 10 10 9 9 9 9 8 
10 10 10 10 | 10 10 10 10 10 10 
LI 10 ne) 10 OMR MLO, 10 Oest SID 10 
13 10 RE ame 10 10 10 10 Ste10 10 
15 10 LOM O, 10 10 10 ION ELO 10 
O5 10 10 10 10 10 10 10 10 10 
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The embryos of at least 10 days germinated in 2 or 3 days; the seedlings developed 
rapidly and, in our experiments, all reached a sufficient size to be planted out. The 
seedlings from 10 and 11 day-old seeds at first were a little weaker than those from 
older embryos. At the start they grew somewhat slower and less regular, but these 
differences did not persist. 

The embryos of 8 or 9 days germinated somewhat later; some seedlings grew a few 
days and were more susceptible to infection in the culture medium. The majority, 
however, showed a sufficient development after two weeks. 

Among the 7 day-old embryos, 3 failed to germinate because of a heavy infection. 
The sterilization of the very young caryopsis is very difficult because they are fragile 
and generally remain at the surface of the HgCl, solution. The germination took place 
much later, the growth was much slower and more irregular. No seedling reached the 
top of the tube after two weeks. The embryos that germinated first gave, after 20 days, 
four fairly slender seedlings which however were well developed. Three other seed- 
lings hardly showed some growth and died without producing leaves. A single day 
embryo germinated very late and the seedling died before reaching a size of any 
significance. The younger embryos did not germinate at all. 


DISCUSSION AND CONCLUSION 


Following the experiments, it is possible to recommend a nutrient medium guaran- 
teeing a good germination and an optimum growth of rice plants. The composition of 
this medium is the following: 


Dsalled waters. Hess ks 17000 GE 
CANOP Aaen en, 5 3 
ie rmertierd dercdenk l 2 
EE edes eb pkg re ld 08 g 
NIOD Olsene tri eend OS s 
CARLO AARD U 0.12 g 
BES OTN Met LEEN: 0.025 g 
TC hee rn et d 3 
IDEKLLOSE werg Ende ir IS En 20 3 


Test tubes of 12 to 15 cm are preferable to shorter vials which leave too little space 
for the leaves. For the same reason it is better not to put more than 3 cm solution in 
the tubes. The closure should be sufficient to prevent evaporation of water, which 
might inhibit the growth of rootlets. Screw caps to close the tubes are very satisfactory. 

It is generally possible to plant the seedlings about two weeks after germination. This 
_plantation needs no special care when the soil is always damp. The growth of the 
seedlings proceeds very slowly, but their ultimate development and their appearance 
_are similar to those of seedlings from mature seeds. 
__The size of the caryopsis fragment which remains attached to the embryo influences 
the earliness of the germination, but it does not affect the percentage of success or the 
vigour of the seedlings. The results are similar if immature intact seeds are sown, with 
or without their glumes (AMEMIYA, AKEMINE and TORIYAMA, 1956b). 

At Cuttack 6 day old embryos germinated, but the seedlings produced were 
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slender. From 7 days at least the embryos gave normal plants the vigour of which 
improved with the age of the embryos, but from 10 days no more difference was 
visible. According to AMEMIYA, AKEMINE and TORIYAMA (1956b), early varieties can 
be germinated sooner; for these, 6 days old embryos germinated on a medium con- 
taining a caseine extract. In the case of one variety it has been possible even to culture 
embryos of 5 days. These authors have observed that the germination depends on the 
degree of differentiation of the embryo. 

In our experiments to study the influence of embryo age we have used a late variety 
of the Japonica type. For this variety and within the limits of the experiments germi- 
nation is very rare at 6 days, fairly good at 7 days and normal at 8 days and more. In 
some Indica types the development of the caryopsis and the endosperm proceeds 
slower than in late Japonica types. On the contrary, it is more rapid with early Japonica 
varieties. It is likely that the germination of the embryo corresponds with the earliness 
of this development. 

The growth and differentiation of the embryo are particularly rapid between the 
4th and the 8th day after anthesis. At the age of 6 days it has attained a length of 
about 0.5 mm and the differentiation of its organs is starting. Sometimes, but rather 
rarely, the scutellum, the coleoptile and the radicle are well developed and one or two 
leaf primordia are visible. In this stage the ovary does not reach the top of the glumes, 
it is narrow and slender; the embryo sac contains a clear liquid. At the 8th day the 
scutellum is formed completely, the radicle is differentiated and also the coleoptile 
enveloping a plumula which consists of two leaf primordia. The caryopsis reaches the_ 
end of the glumes and the endosperm, which is still liquid, has turned milky. It is 
evident that the germination is not possible before this stage of development of the 
embryo and the caryopsis. The germination of some 7 day old embryos and possibly 
also of 6 days can be explained by the variability in development of seeds of the same age. 

From this stage the embryo shows no more development. The endosperm becomes 
solid around the 10th day together with the caryopsis which enlarges and attains its 
definitive form. This stage corresponds with the rapid germination of the embryo on 
an artificial medium. 

Embryo cultures conducted with pure varieties of Oryza sativa have been used 
successfully with various hybrids derived from interspecific crosses which did not 
produce normal seeds. The results were more variable and less favourable than in the 
case of pure varieties. The reasons for this were the following: 


l. Many ovaries show a slight development but do not possess embryos. 

2. In other ovaries the embryo remains very small or dies at the moment of culturing. 

3. Seeds have no normal endosperm and are very fragile. The endosperm is absent. 
or remains liquid. 

4. There is a higher degree of infection; the caryopses often are morphologically : 
abnormal and less dense than the water; the germination proceeds slower and the” 
seedlings die more frequently after infection. 


However, with 7 to 12 day old embryos we have obtained mature plants in the case 
of hybrids produced by the crosses O.sativa x O.schweinfurthiana, O.sativa Xx 
0. perennis, O. sativa X O.officinalis and O.sativa x O.latifolia. Although it was 
possible to obtain seeds through normal procedures in some other crosses, we have 
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applied the same method to produce hybrids from the crosses O. sativa x O.glaberrima 
and O. sativa x O.stapfii, and also hybrids from some intra-specific crosses. 

The method can be used also in the case of embryos dissected from mature caryop- 
ses. This application is very important when only a few seeds are available and when 
their germination is difficult under normal conditions. This is the case with seeds of 
Oryza glaberrima and hybrids from O. sativa Xx O. glaberrima which are physiologically 
late and germinate irregularly. We have obtained 14 seeds from a series of O.sativa X 
O.glaberrima hybrids. In two experiments on moist sand only one seed. germinated. 
The 13 others were treated like the immature seeds and the embryos were put on the 
same nutrient medium. All of them germinated after two days and the seedlings could 
be transplanted after 8 or 10 days. 

The technique does not present peculiar difficulties. It is preferable to soak the 
seeds for 24 hours in order to soften the endosperm a little and to facilitate the 
removing of the embryo. A treatment of 10 minutes with HgCl, sterilizes the caryopsis 
conveniently without impairing the viability of the embryo. 

Another series of hybrid seeds of the same origin were laid out on the same medium 
without removing the endosperm. The germination of the whole caryopsis progressed 
slower than the embryos separately, but the percentage of success was almost equally 
high. Nires (1951) used the same technique to germinate F, seeds derived from crosses 
between various cultivated rice varieties. He obtained 100 % germination on a sterile 
medium with 2 % agar and a mixture of mineral salts. 
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ABSTRACT 


A great number of maize varieties introduced oe central American areas were 
tested for yield in Nigeria. 

A “bulk” variety composed from ten “Trinidad” varieties was grown in trials 
all over Nigeria and later chosen as source for an improvement programme, using the 
topcross method and intercrossing the best lines to produce a synthetic variety. The 
synthetic was ultimately composed from nine ear samples. 

On comparing the third generation to the first and second it was apparent that it 
maintained its improved production through the first three generations. Its general 
yield level was raised by 10 to 13 % over that of the parent variety. 

À description of the synthetic called ESI, is given. 


INTRODUCTION 


A great number of maize varieties have been grown in observation plots and yield 
trials in the southern areas of Nigeria and Ghana by the West African Maize Research 
Unit at Ibadan (1, 2, 3, 5, 12). The tested material had been introduced mainly from 
central American areas (Mexico, Nicaragua, Venezuela, Caribbean Isles). Material 
from the Isle of Trinidad, acquired from the Imperial College of Tropical Agriculture 
as part of the collection of Caribbean maize types brought together by BROWN (4) 
proved to give high yields of dry grain. 

From the original collection of forty “Trinidad”’-varieties ten were made up into a 
“bulk” variety in 1954 and grown through four generations on isolation plots. The 
ten varieties (BROWN’s numbers: 147, 149, 151, 155, 157, 158, 159, 163, 165 and 166) 
were similar in vegetative development and had similar ear and grain types. This 
“bulk” variety, indicated by the name “Trinidad”, has been grown in many yield 
trials all over Nigeria and continuously proved to maintain its yielding capacity (5). 
This variety was chosen as the source material for an improvement programme to 
provide a still higher yielding, “yellow-grained”’ variety for areas where this type of 
grain proved to be acceptable for human consumption, or as food for livestock or 
poultry. 

The production of intra-varietal synthetics is considered to be a short way to 
achieve improved, i.e. higher yielding, versions of varieties. This is particularly so in 
this case, as the chosen variety had already shown its suitability to various environ- 
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Ibadan, Nigeria. 

The author is grateful to the Director of Agricultural Research, Moor Plantation, Ibadan for 
permission to publish the varietal improvement programme on maize in Nigeria. 


294 


IMPROVEMENT OF MAIZE IN NIGERIA 


ments encountered in the maize growing areas of Nigeria, ranging from high rain- 
forest to Southern Guinea zone conditions. 

The reported study is a first attempt made at Ibadan to apply the principles of tests 
of combining ability for the selection of maize material to be combined into a synthetic 
variety. 


METHODS 


At the harvest of the fourth generation of the variety “Trinidad”, fifty ears were 
selected from a total of approximately two thousand. Half of the seed from each ear 
was sown ear to row and interplanted with the source variety, from which the ear 
selections were made. The ear rows were detasseled and topcrossed to the parent 
variety. The resulting fifty topcrosses were grown in yield trials at two different 
locations: Ilora, in the early season of 1957 and 1958, and Ibadan, in the early season 
of 1957. 

The best performing topcrosses were thus traced and the ear samples from which 
those topcrosses were derived, were then intercerossed two by two. The crosses thus 
obtained were bulked with equal quantities of seed. This was then multiplied under 
open pollination in isolated fields. 

The third generation of this synthetic variety was grown in yield trials in eighteen 
locations, mostly situated in the southern half of Nigeria. At Ibadan, Ilora and Agege 
the third generation of this synthetic variety was tested against the first and second 
generation to provide a check on the development of its yielding capacity in successive 
generations. 


RESULTS 


In the three topeross trials significant differences were proven to exist. The error 
variances however were far from homogeneous. BARTLETT's test for homogeneity 
gave a y°-value of 59.95, which is improbable for homogene variances (P < 0.01) (10). 
This heterogeneity of error variances would make a combined analysis of the three 
trials difficult (9, 10). 

The figures obtained from the topcross trials are represented in figure 1. The yields 
were allocated to yield classes and frequency diagrams drawn up. The mean yield of 
the topcrosses is presented as a dotted line and the yield level of the source variety as 
a solid line. 

The trial at Ibadan had a low yield level, as it was planted six weeks after the 
onset of the rains. Earlier planted maize tends to give appreciably higher yields. 

By inspection of the behaviour of the individual toperosses nine ear samples were 
selected to form the basis of the synthetic variety, which is known under its experimen- 
tal number ESI. The topcrosses of those nine ear samples were, at least in two of the 
three trials, amongst the highest yielders i.e. not statistically different from the highest 
yielder, and never performing significantly worse than the average of the topcrosses. 

The synthetic variety ESI, composed from the nine ear samples as described earlier, 
was tested in several locations within West Africa. The yield levels obtained are listed 
in table 1, together with the yields of the source variety and the local variety. The 
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Frequency 
(number of 
topcrosses) llora 1957 


Ibadan 1957 


Ilora 1958 


1000 2000 3000 4000 
Yields in lb. per acre 


Fi. 1. FREQUENCY OF TOPCROSSES FCR VARIOUS YIELD LEVELS IN 
TRHEE TOPCROSS TRIALS. 


percentage increase in yield of ES over the source variety Trinidad is added in the 
last column of the table. For each locality the longitude and latitude are given and 
also the average rainfall available at those centres in the first four months after the 
onset of the rains, in which period the maize crop normally has its development (12). 


Results of the trials in which various generations of the variety ESl were compared 
are listed in table 2. During the early season 1960 (March-July) the first two gene- 
rations were tested and during the late season of the same year (September-December) 
the first three generations were compared on their performance. 
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TABLE 1. PERFORMANCE OF THE SYNTHETIC VARIETY ES1, ITS SOURCE VARIETY AND THE LOCAL VARIETY 
AT 18 LOCATIONS IN WEST AFRICA. 


Averagerain- Yields Peroentane 

fall during | in Lb per acre ee or 

Location Longitude, Latitude | first4 months | EST over 
of growing Km Se 

Season rinidad ES1 Local | Trinidad 
Ibadan 394 7°.26/N 20-25 2,474 2,490 2,287 1 
llora 3°.50/E 7°.48/N 20-25 2,309 2,678 DI 16 
Nungua 0°.10'W | 5°.41/N 20-25 2,056 2,366 — 15 
Agege BASE 6°.39/N 26-30 1,154 1,445 1,159 25 
Ajaka 6°.49/E 7°,19'N 26-30 931 1,026 1,026 10 
Akure SEALE TSN 26-30 1,674 1,894 15 13 
Houinvigué 2°.28/’E 6°.47/N 26-30 1,197 1,318 719 10 
Niaouli 2°.07/E 6°.46/N 26-30 2,184 2,758 157 Om 13 
Oke-Onigbin 4°,45/'E 8°.13/N 26-30 1,589 1,884 931 19 
Owo 53 5/E A IDAN 26-30 3,273 3,261 2,101 0 
Yandev 9°.00/E 7°.23'N 31-35 2,120 2,706 = 13 
Keffi 755 21E) 8°.51/N 36-40 1,079 999 835 -7 
Lafia 8°.30/E 8°.31/N 36-40 1,192 938 802 21 
Nkwelle 6°.50/E 6°.14/N 36-40 1,451 1,286 1,182 ae) 

| | 

Ikom 8°.42/E 5°.58/N 4145 | 3,310 3,096 25239 | — 6 
Kumba 9°,25'E | 4°.38/N 41-45 1,667 1,501 13430 —10 
Umudike TS SE 5°.28/N 41-45 1,443 1,956 1,240 36 
Ogoni 7°.06E | 4°.47/N < 46 1,047 995 1,002 —11 


* Compiled from: British West African Meteorological Services Nigeria, Meteorological notes 


No. 2. Preliminary notes on the rainfall of Nigeria, Lagos, Survey Department, (1954). 


TABLE 2. PERFORMANCE OF THREE GENERATIONS OF THE SYNTHETIC VARIETY ESÌ 


Yields (in Lb per acre) 
Location of Standard error 
: 5 ESI ESI ESI 
Yield Trial Ei 2nd 3rd | of a mean 
generation generation generation _ | 
Ibadan (early season) 2,497 2,490 — 167 
Ibadan (late season) 2,589 2,467 2,340 | IKS) 
llora (early season) 2,827 2,678 — 106 
llora (late season) 809 816 783 119 
Agege (early season) 1,445 1,165 — 86 
Agege (late season) 1,536 1,366 1,506 125 
DISCUSSION 


The ability of ear selections to be combined with others into a synthetic variety with 
a higher yielding capacity than the parent variety, was expected to be expressed by the 
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relative yield levels of the test crosses of those selections with the parent variety. This 
should be so especially if the ranking of the toperosses on their yielding performance 
in different environments was the same. 

The parent variety had been chosen as tester variety because the shortest way to an 
improved variety seemed to be an intra-varietal selection of good combining material. 
This being so, the parent variety is the only tester which represents, more or less, the 
various genotypes met within the material to be selected for combination, and which 
still has the broadest genetic variability permissible in such a programme of improve- 
ment within a variety. 

Selection for combining ability in maize is normally restricted to more or less 
advanced stages of inbred lines. In some cases So-plants have been tested for com- 
bining ability and the S‚-progenies (once selfed progenies) of the best combining ones 
used to develop advanced stage inbreds of high combining ability (6, 11). 

The products of the maize breeding programme at Ibadan should be applicable 
through a wide range of environments, varying from rainforest areas with 100 inches 
or more rainfall per annum to Guinea Savannah zones with 40 to 50 inches rain. 
This demands a wide adaptability of the varieties produced. Selection to a narrow gene 
basis for the particular environment at Ibadan is therefore undesirable. For this 
reason a gametic selection scheme was applied to a variety which already was proven 
to surpass introduced and local varieties at many locations in yielding capacity. For 
this same reason the three topcross trials were grown at two localities, [badan and 
Ilora, the one situated in the northern part of the rain forest and the other well into 
the derived savannah zone (7). The relative yielding performance of the various top- 
crosses in those trials showed, statistically, no significant correlation, due to the 
fact that very different conditions prevailed during the period in which the trials were 
grown (See table 3). 

TABLE 3. CORRELATION COEFFICIENTS OF THE 


PERFORMANCES OF THE VARIOUS TOP- 
CROSSES IN THREE TRIALS 


Ibadan llora 

1957 1958 
llora 1957 „2ONs —26 NS 
Ibadan 1957 —14 NS 


It seems apparent from these correlation figures that the topcrosses interacted 
appreciably with the three different environments in which they were grown. This is 
considered to be an advantage, as those topcrosses which were amongst the higher 
yielders in all three trials, despite the difference in conditions, are more likely to be of 
general use. An individual inspection of the performance of the various topcrosses was 
therefore preferred to a full fledged statistical analysis of the yield figures. 

The yield figures of the toperosses with the best performances are listed in table 4. 
The yields are expressed as a percentage of the source variety. 

The synthetic variety thus produced from nine ear selections, was grown in areas 
often widely different from that in which the basic material had been selected (see 
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TABLE 4. THE YIELDING PERFORMANCE OF THE BEST COMBINING EAR SELECTIONS, EXPRESSED AS A 
PERCENTAGE OF THE YIELD OF THE SOURCE VARIETY 


llora 1957 | __Ibadan 1957 Ilora 1958 
Bar SEA AEN 91 150 144 
EarasclectlONE OR 105 119 143 
B SSleC ONES En 120 144 138 
Bar selection 16% 1E MEL AN AUMIE), X 82 ILT, 145 
Bamseclectronsls heem Sela este 83 | 120 1572 
Barniselectionk2 Amper meae esi 110 | 155 142 
Eariselectionk38ie. vn can Ann 98 | 129 148 
BATESCIEC LO UIA LE 108 120 131 
BARSCIeCtION 420 90 10, 143 
Enid ad MARE E, AAENTE AE AAT 00 100 100 100 


table 1). The main feature of the yield figures obtained in this series of trials is, that the 
new variety gave a considerable increase in dry grain production in areas where the 
mean rainfall during the maize growing period — first four months of the rainy season — 
was relatively low. For the lowest rainfall groups (20 to 25 inches of rain) the increase 
averaged 11 % and for the 26 to 30 inches rainfall groups, 13 %. The only trial in 
a location with 31 to 35 inches rainfall in the first four months gave a similar figure, 
13 % increase. The wetter areas, again restricted to the period of growth for maize, 
gave, however, a rather consistent decrease of yield of the ESl compared with its 
source variety with the exception of Umudike, where the synthetic gave a yield of 
136 % of that of the source variety. 

The actual selections from the variety “Trinidad” were made at Ibadan and the 
toperosses with the parent variety were tested for their yielding performance at 
Ilora and Ibadan. Both localities are situated in the area with 20 to 25 inches of rain- 
fall available during the growing season of the maize. It is interesting to observe that 
this is reflected in the behaviour of the final product of this breeding programme, the 
variety ESI, which shows a considerable increase in yield in ““dry” areas, but a 
decrease in areas, where over 35 inches of rain is available during the period of maize 
development. 

The method of using ear selections for the separation of good combining material 
in this varietal improvement programme has been quite satisfactory in raising the 
general yield level of the improved variety by 10 to 13 % over that of the parent variety. 
This method can only be applicable if improvement of the yield level alone is de- 
manded in a short time span. This method would be inadequate, if specific characters 
have to be bred for, such as reduction of the plant height to prevent a high occurrence 
of lodging, and introduction of, or selection for, resistance to pests and diseases. 

A few of the first generations of ESl were compared on their yielding performance 
to ascertain that a hybrid vigour effect would not occur in the first generation, nor 
a sharp decrease in the yields of the following generations. The differences between 
the yields of the third, the second and the first generations of the synthetic variety 
ES1 were, on two occasions only, significant at the 5 % level. Through the first three 
generations therefore this synthetic variety maintained its improved productivity. 
This has been reported earlier for synthetics based on only once inbred lines by 
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Lonquisr and Meet (8), who maintained the yielding performance by applying 
only mass selection during the advanced generations of their synthetic variety. 


SOME BOTANICAL CHARACTERISTICS OF THE SYNTHETIC VARIETY ESI 


The plants are tall-growing, up to 12 feet high, and have a stout stem. They have a 
medium to long maturity time and at Ibadan, take about 60 days to tassel. 

The ears are long, up to 11 inches, uniform and tapering. The grain occurs in 
approximately fourteen rows and is orange in colour, with a light cap of floury endo- 
sperm, often dented, on the tips of the seed. 

The tassel bears a high number of tassel branches (approximately twenty-two) with 
green anthers. 


10. 


12% 
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ÄBSTRACT 


Research has been carried out on the inheritance of the solidity of the cauliflower 
curd. Assuming that this character depends on a number of polygenic factors, the 
occurring segregations could be explained. Plants with the same solidity may be of a 
highly different genetic nature, and in propagation may segregate very differently. 

During selection proper attention should be paid to the solidity of the curds, the 
more so as loose plants propagate more rapidly. 


INTRODUCTION 


One of the factors determining the quality of the curd is its solidity. The consumer 
demands a solid curd. Solidity partly depends on the time of harvesting. Curds will 
grow loose after some time, and will then bolt and flower. This mostly starts at the 
periphery. The curds should be harvested just before this becomes visible. 

The various varieties and strains also show differences in solidity which depend on 
the texture of the curd. In many cases these differences are already distinguishable, the 
moment the plants are coming into curd (fig. 5, 6, 7). Research has been carried out 
on the mode of inheritance of this solidity. Some preliminary results have been 
published by JENSMA (1). 


TRIALS 


In 1953 and 1954 seed was obtained from a number of early varieties by selfing 
some plants with loose and solid curds. This was done by bagging some flower stalks 
of each plant in cheesecloth. The progenies were judged for solidity in 1954 and 1955. 
Two loose curds were taken from a progeny with loose curds, two solid curds from a 
progeny with solid curds. With these, two crosses solid x loose were made. The F‚’s 
were judged in 1956. Of both F‚’s seed was grown from a number of loose and solid 
plants, again by selfing. In addition some flower stalks of each plant were allowed to 
flower without being isolated. In 1956 seed was again produced in these two ways, but 
using plants of other varieties. Furthermore reciprocal crosses were then made 
between plants with solid and loose curds. The 1956 seed was judged in 1958. 

From 1955 onwards the seed was sown under glass in late September or early 
October. Transplanting in the field occurred the following spring. The plants matured 
in June. Part of the material propagated in 1953 was sown under glass in February 1954. 
These plants were set out in the field in April and ripened in July. 

Judging took place as soon as the curds were ripe for harvesting. For solidity they 
were scored on a scale of 1 (very loose) to 7 (very solid). 
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RESULTS 


The results are presented in some histograms. The horizontal axis shows the solidity 
classes, the vertical axis the number of plants in each class. Fig. 1 gives the solidity 
of the progenies of 7 solid and 14 loose parents. The frequency distributions in the 
Fis and the F‚’s of the hybrid populations made in 1955, as well as those of the 
populations from which the parents had been derived, are depicted in fig. 2 a and b; 
those of the F‚’s made in 1956 with the populations from which their parents had 
been derived are shown in fig. 3. 


20 
10 


0 


1 RAe AN | ea een KO dl 


Fig. 1. FREQUENCY DISTRIBUTIONS OF SOLIDITY IN PROGENIES OF 7 SOLID 
(LEFT) AND 14 LOOSE PARENTS (MIDDLE AND RIGHT) 


DISCUSSION 


Solid plants on an average give more solid progenies than loose plants, which can 
only be attributed to genetical differences. 

From fig. l it will be seen that all forms of frequency distributions occur. Peaks 
occur in nearly all classes, but more particularly in the outer classes of the scale. This 
may be due to the scale-graduation chosen. The occurring continuous variation leads 
to the assumption that we are concerned here with a case of quantitative inheritance. 

When studying characters that are inherited quantitatively it appears to be a 
problem to find the most suitable scale. The ideal genetic scale has a graduation with 
the contribution of one gene as a unit. On such a scale a progeny segregating for one 
or more non-linked polygenic factor pairs gives a binomial frequency distribution, 
apart from modifying conditions. If the inheritance of the factors is intermediate the 
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Fro. 2a. FREQUENCY DISTRIBUTIONS OF SOLIDITY IN P, F‚ AND Fs OF HYBRID POPULATION Ì 


2a 


Fro. 2b. FREQUENCY DISTRIBUTIONS OF SOLIDITY IN P,‚ F‚ AND F2 OF HYBRID POPULATION 2 


frequency distribution becomes symmetric, if the inheritance depends on dominant- 
recessive factors this distribution becomes approximately symmetrie if many factors 
segregate. Oblique frequency distributions may occur when the outer classes of the 
scale comprise more classes of the ideal genetic scale than the centre classes. 
Assuming that the solidity of the cauliflower curd is also largely governed by a 
number of polygenic factors, the oblique frequency distributions with peaks in the 
solidity classes 1 and 7 can be explained in this manner. Here, too, the outer classes 
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of the visual scale apparently comprise more 
| | s classes of the genetical scale than the centre 
classes. In this way very solid curds may 
segregate very differently as they are genotypi- 
cally not alike. The same holds good of loose 

ET SE ij GN 


curds. This situation is represented schema- 
tically in fig. 4. 


PES a see From fig. 2 a and b it appears that the F‚’s 
resulting from crosses between solid and loose 
parent plants show a great variation in solidity 


without there being a pronounced peak. This 
variation indicates that the parents were to a 
large extent heterozygous. 

In the one reciprocal cross made in 1956 all 
plants of the F, had solid curds. Such a result 
may be expected when a homozygously very 
solid plant is crossed with a loose plant that 
was genetically located near the upper limit of 
class 1. The great similarity between the reci- 
procal F‚’s leads to the assumption that plas- 
matic factors do not play a part. This assump- 
tion is confirmed by the second crossing, made 
in 1956, in which the cross loose X solid was 
on an average even more solid than the cross 
solid x loose. In both cases the same loose 
parent was used for this second crossing, but 

1 2534 "Swe 7 not the same solid parent. 
The progenies of the F, plants deviate from 
FIG. 3. PREQUENCY DISTRIBUTION OF SOLIDE {nose of the plants of the commercial varieties 
TY INP AND Fj OF HYBRID POPU- 5 
Eise in that they segregated more markedly, prob- 
ably due to their more heterozygous nature. 


visual scale | dn 4 Ov 7 
l N \ | / / ] 
SE EN \ | / / | 
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FIG. 4. SCHEMATIC REPRESENTATION OF VISUAL AND GENETICAL SCALE 


So all observations can be explained by assuming that solidity is governed by a 
number of polygenic factors. For a more profound study of these factors it is desirable 
to analyse the solidity concept into a number of distinctly measurable factors, e.g. the 
number of ramifications of the flower stalks, their length and thickness and the angle 
they make with the main axis. 
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MODIFICATIONS 


In addition to heritable variation there may be variation in solidity caused by 
environmental factors. An impression of this latter variation can be gained from 
table 1 which shows data on the solidity of some numbers tested both in 1954 and 
MOSS. 


TABLE 1. SOLIDITY OF THE PROGENIES OF SOLID AND LOOSE PLANTS IN 2 SUCCESSIVE YEARS 


Number of Distribution among solidity classes in % 
Parents Number, Year plants 
judged 1 D 3 4 5 6 W/ 
Loose 5 1954 96 14 17 20 10 15 20 4 
9) 1955 176 18 27 31 13 7 3 1 
Solid 3 1954 52 - 6 6 10 15 17 46 
3 1955 94 l 2 9 11 15 27 34 


The 3 solid plants gave in both years nearly the same results. In the progenies of 
the loose plants the differences between the two years were greater. Possibly an initially 
loose curd is more modifiable than a solid one. 


MANNER OF POLLINATION 


In figures 2 a and b the F, progenies of the selfed and open-pollinated selected plants 
have been added together. In both categories the frequency distributions were very 
much the same, as will be seen from table 2. 


TABLE 2. SOLIDITY OF THE SELFED AND OPEN-POLLINATED PROGENIES OF 9 LOOSE PLANTS 


Numberof Distribution among the solidity classes in % 
Pollination plants 
Ee Nn or NR 0 
| 
Solfed 271 26 35 | u ne 5 | 2 
Open-pollinated . 391 14 doede 4E 13 | 9 Td) 


It appeared that selfing had no effect on the growth of the progenies, as previously 
indicated by JENSMA (1). Therefore changes in vigour are not likely to influence 
solidity. 


SELECTICN FOR SOLIDITY 


It will always be necessary to select for solidity. Also with continuous selection one 
should reckon with the segregation of a number of plants with loose curds. In popu- 
lations with mainly loose curds solidity by selection can probably only be increased 
to a certain level. Another point is that a plant with a loose curd multiplies more 
rapidly than a plant with a solid curd, as it bolts earlier and forms more flower stalks. 
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JENSMA found that 89 plants with solid curds on the average yielded 9.4 grammes of _ 
seed per plant, and that 83 plants with loose curds on the average gave 15.6 grammes _ 
per plant (1). Consequently natural selection moves in a negative direction, owing to 
which solidity, if not receiving proper attention, will decline. 


SAMENVATTING 


De vastheid van de krop bij bloemkool 


De overerving van de vastheid van de krop bij bloemkool is in onderzoek genomen. 
Door aan te nemen dat deze eigenschap bepaald wordt door een aantal polygene 
factoren, konden alle optredende verschijnselen verklaard worden. Planten met een- 
zelfde vastheid kunnen genotypisch nog weer zeer verschillen en bij vermeerdering 


zeer ongelijk uitsplitsen. 
Bij de selectie zal voortdurend op de vastheid gelet moeten worden, temeer omdat 


planten met een losse krop zich sneller vermeerderen. 
REFERENCE 
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Fia. 5. EXAMPLE OF A LOOSE CURD 


M. NIEUWHOF AND FR. GARRETSEN 


EXAMPLE OF A SOLID CURD 


FIG. 7. CROSS SECTION OF A SOLID CURD (LEFT) AND A LOOSE CURD (RIGHT) 


Euphytica 10 (1961): 307—314 
ON THE INHERITANCE 


OF TUBER RESISTANCE OF SOLANUM TUBEROSUM 
TO PHYTOPHTHORA INFESTANS IN THE FIELD 


H. J. TOXOPEUS 
Institute of Agricultural Plant Breeding, Wageningen 


With 1 figure 
Received 27 May 1961 


ABSTRACT 


Data on the attack of the tubers of 2,036 F, seedlings of 32 different cross combi- 
nations of potato varieties were collected. A survey is given of the field resistance 
of a large number of established varieties and of their parents. 

From both sets of data it appears that crossing two highly resistant parents results in 
a high percentage of resistant offspring. When crossing a susceptible with a resistant 
parent one gets a majority of resistant F, seedlings and even among the offspring of 
two susceptible varieties a few resistant seedlings are encountered. 

The genes R‚ and R3 for hypersensivity of the leaves exert a strong influence. Pre- 
liminary data suggest that the cambial layer just below the skin:in this case is a strong 
barrier to the penetration of the parasite as is stated also with some varieties devoid 
of R-genes (Bravo, Libertas and others). 


INTRODUCTION 


In 1956 32 cross combinations consisting of 20-100 F, clones of three plants each 
were grown on heavy clay soil near the Institute of Agricultural Plant Breeding at 
Wageningen. The summer was extremely wet and offered a unique opportunity for a 
study of the inheritance of resistance of the tubers to Phytophthora infestans in the 
field. in a foregoing publication (Toxopeus, 5) the data on field resistance of the 
foliage of the same material were reported; this one deals with observations on tuber 
resistance. 

Data on rainfall during the season are given below. 


June July August September October 

Rainfallin mm …... 70 180 102 49 73 
Rainysdaysse nn 18 19 21 15 23 
Rainy days more than 

[mata Se EE 11 15 D) 10 12 
Average rainfall in mm, | 

1921-1960 .. ... 54.3 15,Âl 81.9 7 80.3 

METHODS 


The seedling clones were planted out on narrow strips of nine plants deep across a 
field of 50 m wide. Along the paths alternatingly rows of the varieties Bintje and 
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Climax were planted out and in the middle of the strip a row of Eigenheimer was 
grown as follows: 


Path Plant of F-clone Plant of F-clone Plant of Path 
Bintje 3 plants Eigenheimer 3 plants Climax 


Bintje and Climax are very susceptible to Phytophthora infestans in the leaves, 
Eigenheimer somewhat less. The shedding of sporangia from the leaves on the soil 
was guaranteed for a considerable time during the period of infection of the tubers. 

Several cross-combinations contained the hypersensitivity genes R,‚ or Rs. The 
genotype of an individual seedling, however, was not known. 

The tubers were harvested in the beginning of October and those of the three plants 
of each F, clone were put together. In most cases a sample of 20 was available for 
counting the number of tubers attacked by Phytophthora. 

Of Bintje and Eigenheimer nearly all tubers were badly damaged; Climax was 
considerably less attacked and the diseased tubers were evenly spread along the 
rows of this variety. To all appearances the climatological conditions were so favour- 
able for tuber attack that variations in soil structure did not manifest themselves. 


PRESENTATION OF RESULTS 


The results of the observations are presented in the tables 1, 2 and 3. The cross- 
combinations are grouped according to the degree of resistance of their parents viz.: 
resistant X resistant (table 1); resistant X susceptible (table 2) and susceptible x 
susceptible (table 3). 


TABLE 1. FREQUENCY DISTRIBUTION OF F, SEEDLINGS (IN PERCENTAGES) SHOWING DIFFERENT NUMBERS 
OF DISEASED TUBERS. CROSS COMBINATIONS: RESISTANT X RESISTANT 


Di ent Number of diseased tubers on 20 Number of 

Parents (HoGEN EscH seedlings 

and Zinastra) | 2 | 5 | -8 | 11| 14 | 17 | -20 | observed 
Bravo xX Record 9 x8 92 5 2 60 
Bravo xX Libertas 9 x8 SOMS 41 
Pimpernel OR SNISE) 9 x8 90 6 2 2 49 
G 2053 x Xx _G 3009!) 8 x9 96 4 76 
Noordeling Xx Libertas 8 x8 GD Ie IE | ie 5 43 
Noordeling Xx S 15) 8 x8 80 | 10 4 2 4 53 
Irene Xx Libertas 8 x8 76 | 18 2 2) 2 46 
G 638°) Xx _ Libertas 8? x8 OLS 6m IS 3 34 
G 2439 Xx Libertas 8? x8 60 | 26 8 4 2 47 
G 2583 Xx Libertas 82 x8 JO m4 3 3 30 
G 2439 x Voran SL ZON RSM GMO 3 3 32 
G 2583 x_Voran NI 58 | 24 9 5 2 2 43 
G 2414 x Voran 82 X7 44 | 28 | 10 | 18 39 
592 


1) Material containing the gene R; 
®) G-clones are F, hybrids from crosses between Noordeling and Libertas and according to the 
data of this cross combination probably highly resistant. 
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TABLE 2. FREQUENCY DISTRIBUTION (IN PERCENTAGES) OF F,-SEEDLINGS SHOWING DIFFERENT NUMBERS 
OF DISEASED TUBERS. CROSS COMBINATIONS SUSCEPTIBLE X RESISTANT. 


Resist. Number of diseased tubers on 20 Number of 

Cross-combination of seedlings 

parents DEES ISRA AU EAN —20 observed 
Eigenheimer Xx 19268Y) SO) Seim 3 1 1 1 1 79 
Eersteling x 19268 ps GOM 12 2 2 3 106 
Eersteling Xx _Maritta*) 56 69 ae re Oe 4 1 1 1 92 
Bintje xX Gineke 38 26m eed Sane 17e eel tee ve di2 il 9 {L17/ 
se xX Bato 5 SOMS ZL O 3 5 3 3) 72 
5 Sus) 5 6315 ZnS 2 4 54 
Eigenheimer Xx Libertas 5 SA US LS RL 2 LO RO, 6 83 
5 DS MS ge 726 3 5 2 9) 58 
Eersteling XxX _G 865°) EN AG ale Sike 417/ D 5 9 42 
Saskia xXx _G 30092) JE) 66 | 34 24 
zh x Record 5 X8 670 NIS 9 6 2 1 91 
Sirtema xX Libertas pe 651 149) 13 3 3 2 97 
Rode Star Xx Gineke 6 X8 60 | 12 8 6 DO 2D 49 
A x Profijt 5 66 | 14 | 14 3 3 29 
str Xx Record A SOM 2013 7 3 1 30 
1023 


1) 19268 and Maritta contain the gene R, 


2) S 15, G 865 and G 3009 contain the gene R,. 
S 15 and G 865 are F, hybrids of the cross Black 1256 x Libertas. 
G 3009 has a somewhat more complicated parentage but is related to the two others. 

19268 is a demissum-tuberosum backeross hybrid raised by Dr. STELZNER before World War II. 


TABLE 3. FREQUENCY DISTRIBUTION (IN PERCENTAGES) OF Fi SEEDLINGS SHOWING DIFFERENT NUMBERS 
OF DISEASED TUBERS. CROSS COMBINATIONS: SUSCEPTIBLE X SUSCEPTIBLE. 


Resist. Number of diseased tubers on 20 Number of 

Cross-combinations of seedlings 

parents SN Sike lk kg lele) observed 
Bintje SMO) 805 13 OO 3 7 8 | 40 109 
Eigenheimer Xx S 10 % 241 18 | 10 8 SM ROR 20 100 
Eersteling DSO À (OI AKG 1D Se LS Se 28 95 
Sirtema xX Fransen on 33 20E SRE 8 6 {ib 
421 


8) S 10 contains the gene R; but its tubers are heavily damaged in the field. 


In all the tables the degree of resistance of varieties is indicated according to 
HOGEN EscH and ZINGSTRA (1) who use a scale ranging from highly susceptible to 
highly resistant (1-10). As concerns the degree of resistance of F‚-seedlings the number 
of diseased tubers on 20 is used as an indication. 
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DISCUSSION 


When considering table 1 it appears that the offspring of crosses between very 
resistant parents (9 x 8) nearly all are not attacked or only very little. A very few 
rather heavily damaged seedlings occur. Though the majority of the F‚-seedlings of 
crosses between somewhat less resistant parents also seem highly resistant, appreciably 
more seedlings show quite a high number of diseased tubers. 

From table 2 it appears that the number of susceptible seedlings among the off- 
spring of cross combinations susceptible X resistant is rather high, though on an 
average the resistant material still dominates, even when one parent is very susceptible 
(Bintje, Eersteling — Duke of York and Eigenheimer). 

When these very susceptible varieties are crossed to parents containing the gene 
R, (19268 and Maritta) or 
R; (S 15, G 865 and G 3009) 
the percentage of highly re- 
sistant plants is extra high, 
indicating that both genes 
exert some influence. Such 
a difference however is not 
apparent in table 1. 

Unfortunately there are 
but four crosses of the com- 
bination susceptible x sus- 


Crosses with Libertas 


Eigenheimer 
Noordeling 


Crosses with Bintje Crosses with Sirtema 


3 ceptible. All four show a 
very high percentage of 
highly susceptible seedlings, 
though several highly resi- 
stant plants also occur. This 
kind of crosses shows a far 


Kk] = 
lk 9 
K 

c 
1 Fe 
6) ww 


greater variation towards 
susceptibility than the two 
other groups. 

Crosses with S15 Among this series of 
crosses the parents Libertas, 
Bintje and S 15 occur in 
many combinations. Fig. 1 
gives a series of histograms 
clearly demonstrating the 
influence of various parents 
with different degrees of 


resistance on the outcome 
Fi. 1. FRENQUENCY DISTRIBUTION OF Fi SEEDLINGS ACCORDING 


of the cross. 
TO THE NUMBER OF SICK TUBERS ON 20 IN VARIOUS 5 
CROSSES (SEE TABLE 1, 2 AND 3). For the practice of bree- 


ding for tuber resistance 
these facts mean that the breeder can expect at least some highly resistant seedlings 
in nearly every cross combination. Therefore when aiming at combining a high degree 
of resistance with some other valuable character, his choice of parents in the cross 
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Noordeling 
Pimpernel 
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breeding program needs not perforce be restricted to resistant varieties, which in 


some cases may be most convenient. 


Further demonstration of the wide possibilities in breeding is provided by the 
survey in table 4. In this list all those varieties are registered of which the degree of 
field resistance of one parent at least is known (HOGEN EscH and ZINGSTRA, |). 

For Dutch varieties and some others these figures indicating the resistance are the 
outcome of many years’ observations on large fields in many regions of the Nether- 
lands. For most other varieties observations were available only from plots of 36 


plants, yearly planted out as collections. 


TABLE 4. GENEALOGICAL SURVEY OF THE DEGREE OF TUBER RESISTANCE OF VARIETIES AND PARENTS IN THE 


FIELD 


Variety 


Tuber resistance — 9 


Bravo 
Calrose 

Friso 

Mulder K 101 
Pimpernel 
Populair 
Regina 
Robijn 
Souvenir 
Zeeburger 
Prof Broekema 


Tuber resistance = 8 


Ackersegen 
Adventa 
Albion 
Alpha 
Arran Pilot 
Bato 
Bevelander 
Craigs Defiance 
Deva 

Dr. Me Intosh 
Froma 
Frühbote 
Gineke 
Gloria 
Iduna 

Irene 
Koopman’s Blauwe 
Libertas 
Luctor 
Matador 
Merkur 
Noordeling 
Ontario 
Prefect 
Priska 
Profijt 
Prudal 
Record 
Surprise 
Triumf (Tsj) 
de Wet 
IJsselster 


Zeeuwse Blauwe 
Ackersegen 
Rode Star 
Bravo 
Populair 
Robijn 
Libertas 
Rode Star 
Bravo 
Noordeling 
Record 


Hindenburg 
Record 
Thorbecke 
Paul Kruger 
May Queen 
Rode Star 
Bravo 
Epicure 
Souvenir 
Sol rybinii 
Record 

Juli 
Ultimus 
Alpha 

Rode Star 
Furore 
Zeeuwse Blauwe 
Record 
Orion 
Energie 
Industrie 
Bravo 

Jubel 
Present 
Industrie 
Prummel K 264 
Eigenheimer 
Trenctia 
Noordeling 
B 53 
Eigenheimer 
Record 


IA AIAS OKK 


MON OAK KRK HK OM HOM OM MK HOM OK MM MON KMK MK KA KK X 


X 


Cross combination 


Wilhelm Korn 
Katahdin 
Alpha 

Alpha 

Mulder K 101 
Monopool 
Voran 
Preferent 
Energie 
Alpha 
(Ultimus x andigena) 


Allerfrüheste Gelbe 
Flava 

Fransen 

Preferent 

Pepo 

Pepo 

Preferent 

Pepo 

Populair 

Herald 

Triumf 
Sonnenragis 
Record 

Bato 

Triumf 

Bato 

Alpha 

(Souvenir x Bato) 


(Bevelander x Katahdin) 


Trenctia 
Jubel 

Jam 
U.S.D.A. nr 
Frühmölle 
Parnassia 
Matador 
Record 
Energie 
Libertas 
Triumph 
Simson 
Populair 


Degree of resistance 
of parents 


oo 00 \O DN OO OON oom 

XX XXXXXXXXX 

Foo 00 A DN 5 \O 00 00 DN 2 
En 


2e) 


x 8) 
x 6) 


OO WI OO DW DOO DN 00 DN 00 Ur DA O0 00 DN 00 5 \O O0 \D DN 5 00 DN 00 5 
DEE EDE EEE DE DIEN DEK SEERDE DAL UE DLL AIDE IDS 
\D 9 A 00 O0 OO OO A A5 \O GG O0 00 AA DADNOUDNA AAN ANA 
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TABLE 4 (to be continued) 
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1 


Variety 


Cross combination 


Degree of resistance 
of parents 


a ET 


Tuber resistance = 1 


Ari 
Aurore 
Beteka 
Doré 
Erdgold 
Fram 
Frühmôölle 
Heimkehr 
Ideaal 
Magna 
Meerlander 
Muntinga 17 
Noordstar 
Parnassia 
Sabina 
Sientje 
Thorma 
Triumf 
Ultimus 
Urgenta 
Wilpo 


Tuber resistance = 6 


Depesche 
Duivelander 
Dunbar Cavalier 
Flava 

Jacobi 
Kampioen 
Magneto 
Marktredwitzer Frühe 
Orion 

Preferent 

Rode Star 
Ronda 

Ulster Monarch 


Tuber resistance = 5 


Arran Crest 
Craigs Alliance … 
Craigs Royal 
Dunbar Yeoman 
Furore 

Komeet 

Pepo 

Present 
Prinslander 
Saskia 

Sieglinde 
Sirtema 


Tuber resistance = 3 
Bintje 

Eigenheimer 
Kasota 

Sequoia 


Tuber resistance = 2 
Nederlander 
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Record 

Record 

Souvenir 
Eersteling 
Industrie 

Erste v. Fromsdorf 
9 


Ackersegen 
Epicure 
Ackersegen 
Bevelander 
D, 


Noordeling 
Deutsches Reich 
Karma 

Gloria 
Thorbecke 
Eigenheimer 
Rode Star 
Furore 
Muntinga 17 


Eersteling 
Zeeuwse Blauwe 
Majestic 
Erdgold 

5 


Thorbecke 
Tinwald’s Perfection 
2 5 

Komeet 
Eigenheimer 
Wohltmann 


Ostbote 
May Queen 


Epicure 

Craigs Defiance 
Craigs Defiance 
Eersteling 
Rode Star 
Eigenheimer 
Deutsches Reich 
Landskroon 
Record 

Rode Eersteling 
5 


(Tinwald’s Perfection 
x Berlikumer Geeltje) 


Munstersen 
Blauwe Reuzen 
id 

Green Mountain 


Eersteling 


DIE ET ET EL A IT RDS 


EAK OE A OA AES 
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Bato 
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Alpha 

(Admiranda x King Edward) 
Fransen 

Flava 

Fransen 
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Mittelfrühe 

(Bravo x Alpha) 
Cimbal’s Neue Imperator 
Erika 

Voran 

Herald 


Flourball 
The Alness 
Gladstone 
Herald 
Alpha 
Furore 
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Fransen 
Alpha 
Herald 
Juli 
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Fransen 
Triumf 
Katahdin 
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FIELD RESISTANCE TO PHYTOPHTHORA INFESTANS 


From the above data a rather strong influence of the genes R, and R} is apparent. 
According to studies of ROER and Toxopeus (4) and of LApPwoop (2) R; has no effect 
on the resistance of the flesh of the tuber. 

The resistance of the tuber in the field is a complex character and the resistance of 
the flesh is only part of the story. The skin may be of much more importance as a 
barrier preventing the parasite from penetrating. 

Such a barrier appeared to be the cambial cell-layer just below the skin as dis- 
covered by LÖHNIs (3) in the dutch variety Bravo and recently also in the varieties 
Libertas, Noordeling, Record and others. 

When slightly rubbing the skin of tubers nearing maturity this layer easily can be 
laid bare. When sprayed with a suspension of swarmspores or of sporangia it shows 
a nice hypersensitivity reaction. 

Preliminary studies revealed that the presence of the genes R, and/or R; also may 
cause this reaction when inoculated with the common race of Phytophthora. This fact 
may very well explain the effect of these genes observed in the field. 

In this connection it has to be mentioned, that until the end of August only the 
common race (O or 4) of Phytophthora occurred in the field. On August 20th the first 
lesions occurred on the leaves of R‚ and R; plants indicating the presence of the races 
l and 3. However, as the number of such plants was comparatively small, the bulk of 
the inoculum must have been of the common race throughout the whole of the period 
of tuber infection. Tubers of many seedlings with the genes R, or R3 or both probably 
were protected by the presence of these genes all the time. 


SAMENVATTING 


Over de erfelijkheid van knolresistentie tegen Phytophthora bij de aardappel 


Gegevens werden verzameld over de knolaantasting van omstreeks 2000 F, zaai- 
lingen van 32 kruisingscombinaties. Deze gegevens zijn in drie tabellen gegroepeerd. 
In een vierde tabel is een overzicht gegeven van de graad van resistentie van een groot 
aantal rassen en — voor zover bekend — van hun ouders. 

Uit de verkregen gegevens blijkt wel dat de nakomelingschap van kruisingen tussen 
zeer resistente ouders een zeer hoog percentage resistente planten bevat. Kruisingen 
tussen resistente en vatbare ouders leveren een meerderheid van resistente zaailingen 
en zelfs worden in de F, van kruisingen tussen twee vatbare ouderrassen nog een niet 
te verwaarlozen aantal vrij resistente zaailingen aangetroffen. 

De kweker, die een hoge graad van knolresistentie wenst te combineren met andere 
gewenste eigenschappen is in zijn keuze van de kruisingsouders in de gunstige positie, 
dat hij niet beperkt is tot de meest resistente rassen. Desnoods kan hij zelfs met kans 
op succes vatbare rassen onderling kruisen, indien zulks in verband met andere doel- 
stellingen noodzakelijk zou zijn. 

De genen R, en R; voor overgevoeligheid van het blad verhogen in sterke mate de 
knolresistentie. Voorlopig onderzoek heeft uitgewezen dat een cambiumlaag vlak 
onder de huid van de knol in dit geval een belemmering vormt voor het binnendringen 
van de parasiet in de knol. Dit is echter alleen het geval wanneer slechts het gewone 
ras van Phytophthora op het veld voorkomt. Ontwikkelen zich vroegtijdig de schim- 
melrassen 1 en/of 3 dan verliezen deze genen hun gunstige werking. 
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Ook sommige rassen zonder R-genen bezitten een resistente cambiumlaag. Deze 
werd door mej. LöHNIs in de twintiger jaren voor het eerst gevonden bij Bravo en 
naderhand ook bij Libertas, Noordeling, Record en anderen. 

Voorlopig is nog niets gebleken van verlies van resistentie bij de knollen van deze 
laatste rassen. 
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ABSTRACT 


There exists a great amount of genetic diversity and of free as well as potential 
variability among and within the familial lines. Consequently, natural selection acting 
through heterozygote advantage and differential competing ability has often sufficient 
plasticity in the genetic composition to mould into better adaptive types. Whether 
fitness and agronomic productivity of a bulk population are improved simultaneously 
would depend upon the relationship between the two genetic systems governing them. 
In case of a linear correlation such as one observed in the barley material studied, 
the bulk method seems to be quite promising, particularly in view of the great econo- 
my in cost and labour involved in the entire program. Another important feature is, 
at least on theoretical grounds, the greater stability in the performance of a mixed 
population owing to a wider adaptive base against different environments, or such 
adverse factors as a coevolving group of some pathogenic races. However, it appears 
that progress under natural selection is perhaps too slow and therefore, artificial 
selection might also be resorted to at suitable stages in the bulk program on the basis 
of usual testing and evaluating procedures. Isolation of superior familial lines by the 
Fo or Fis generation followed by their separate bulk propagation might prove an 
efficient scheme. 


INTRODUCTION 


In recent years a number of new methods of breeding the predominantly self- 
pollinated crop plants have been developed from the well known pedigree and bulk 
selection methods, both of which aim at deriving the best lines from a cross-progeny. 
For instance, LUPTON and WHITEHOUSE (12) suggested the F, Progeny method in 
which the progenies of selected F, plants are grown in yield trials during F4 to Fy 
after which single plant selections are made within thé superior progenies, and the 
Pedigree Trial method that provides for several yield trials while the pedigree selection 
is still in progress. Unlike these pedigree selection schemes, the bulk method depends 
on the nature and outcome of mass trials by natural selection acting on a hetero- 
geneous mixture of competing genotypes and the keypoint is, therefore, the type of 
correlation between the agronomic productivity of a genotype and its competing 
ability. Here, the breeding structure of a population plays an important role in the 
evolution of better adapted types. 

*) Now at the Division of Botany, LA.R.I., New Delhi 12, India. 
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The possible usefulness of the bulk method of breeding is however controversial. 
In New Zealand it is reported to have produced no new variety of wheat fit for distri- 
bution during the past 25 years (FRANKEL, 14). This method is particularly unpopular 
among many cereal breeders since it takes much longer to derive pure lines. Another 
application of the bulk method, that is, to evaluate the prepotency of a cross from its 
unselected bulk progenies, has also given rather ambiguous results (3, 5, 6). In general, 
it seems that the predictive value of early generation trials would only be limited 
owing to the great genetic heterogeneity often characteristic of such populations. 

Nevertheless, the use of bulk populations themselves for commercial production 
might have great potentialities as shown from the experimental findings of H. V. 
HARLAN and his collaborators (7, 16, 17). In their composite cross bulk population 
method, a fairly large number of barley varieties of diverse geographical origin were 
intercrossed on a diallel cross or some other scheme and all hybrids bulked together 
for propagation by the usual bulk method under natural selfing and no conscious 
selection. HARLAN (8) summarized the available data on the yielding ability of various 
composite cross populations of barley and the number of improved strains derived 
from them. Two important features of this breeding procedure are the great genetic 
diversity in these populations and the economy of the entire program. Moreover, as 
shown by ALLARD (1) in lima beans, a genetically diverse population is likely to have 
a more stable performance level over different years or locations (population homeo- 
stasis) than any single pure line or mixture of pure lines. Thus, this method would 
seem to require more serious attention of the cereal breeders than has been given in 
the past. 


The present study of various segregating generations of a composite cross V in 
barley was undertaken with a two-fold objective: first, to study the effects of natural 
selection on the genetic variability of the population in terms of genotypic frequencies 
at certain marker loci as well as changes in means and variances of quantitative 
characters, and second, to evaluate as such the bulk population method of breeding 
in the light of the above information. Part of the results from analyses of genetic 
variability have been published in detail elsewhere (ALLARD and JAIN, 2; JAIN, 9; 
JAIN and ALLARD, 10) and the purpose of the present paper is to report and discuss 
data relevant to the latter objective. 


MATERIAL AND METHODS 


The composite cross V of barley was developed by the late H. V. HARLAN of the 
United States Department of Agriculture from intercrosses among 30 varieties of 
barley. In 1937 the varieties were first crossed in pairs. During the next three years, 
the F, hybrids of the preceding cycle were crossed together to produce ultimately a 
single hybrid stock. The first selfed generation, to be designated here as F,, was grown 
in 1941, the F, in 1942, and so on for 18 generations from random seed samples 
grown as under the usual bulk method. Seed of F3, Fs, Fe, Fia, Fis, and Fyg was 
available in 1958 for planting these six generations together. Each of the five replica- 
tions of a randomized block design had 60 rows 18-feet long, 10 of each generation, 
and with one foot spacing between rows and plants. Phenotypic and genotypic freq- 
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uencies were estimated at the following marker loci: B/b, black vs. white pericarp 
colour; S/s, long vs. short haired rachilla; G/g, dentate vs. nondentate lemma veins; 
BĲ/bl (two loci), blue vs. white aleurone colour; R/r, rough vs. smooth awns; Sh/sh, 
erect vs. prostrate growth habit; Bt/bt, brittle vs. tough rachis and E/e, long vs. short 
glume awn. Quantitative data on single plant basis were taken on the date of heading 
(appearance of first spike), plant height, spike length and seed size (ie. 100 seed 
weight). 

In the fall of 1959, progenies of 63 randomly chosen plants from F3, Fe, Fig, and Fig 
were grown along with the 30 parents in order to estimate the among-families and 
within-families components of total phenotypic variance. Single plant data were taken 
on heading time and plant height. The relative fitness of each progeny was determined 
from the number of seeds produced as estimated by the ratio 


total grain yield of a progeny 


weight per seed 


Estimates of progeny means were based on about 20 plants recorded individually 
in case of heading time, spike length and height whereas total grain yield and seed size 
were determined in progeny bulks. 


RESULTS AND DISCUSSION 


In order to evaluate the bulk method of breeding, it would be required to analyze 
the effects of natural selection on the structure and variation of the bulk population 
in its successive generations. Results of the present investigation will therefore be 
presented specifically on four important aspects of the problem, namely, (1) relation- 
ship between yielding ability and fitness (in the sense of ability to survive), (2) compo- 
nents of fitness, (3) form and amount of genetic variability, and (4) response to 
selection, in the order named here. 


(1) Relationship between yielding ability and fitness 


Data on total grain yield and the number of seeds produced were recorded for 
individual progenies of F,, F,, F4 and Fy generations so that it was possible to 
estimate the average yield (Y) and fitness (W) per progeny, the correlation coefficient, 
Tyw» and the total variance for fitness (oy,°). Table 1 below gives these estimates and 
in Fig. l are plotted Y and W against generation to show the percent increase in Y 
and W. Thus, clearly this composite cross (C.C.V) population of barley has evolved 
some favorable genotypes superior in both yield and fitness during its 19 years of bulk 


TABLE 1. AVERAGE YIELD (Y GMS.) AND FITNESS (W, IN THOUSAND SEEDS) PER PROGENY AND THEIR 
CORRELATION Ty w- 


Generation Ya W Gw Ivw 
Fs 307.2 7.94 882.43 0.901 
F, 3047 7.90 514.93 0.910 
Fa 8591 8.52 727.92 0.948 
Fo 394.5 9.44 728.60 0.919 
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propagation. Earlier, SUNESON (16) had also 
observed a significant increase in yielding 
ability of various advanced generations of 
C.C.V as well as several other bulk popu- 
lations. In fact, a number of improved 
varieties such as Rojo, Davidson and 
Kearney have been derived from such 
populations (8). 

The values of ryw are all highly significant 
(Table 1) indicating a positive and strong 
correlation‘ between the yielding ability of 
an individual and its fitness measured in 
terms of the number of seeds produced. 

GENERATION The existence of such a relationship is, in 
FIG. 1. CHANGES IN OVERALL POPULATION _ fact, essential for the bulk method to be 
FITNESS (W) AND TOTAL YIELD (Y). useful for the breeder. Here, natural selec- 
ue &e tion would be indirectly favoring the better 
yielding genotypes along with seeking its direct goal of better adaptation through the 
survival of the fittest. However, it should be pointed out that this yielding ability as 
observed under the competitive circumstances of a heterogeneous bulk population 
may or may not correspond to the yielding ability in pure stands as wasclearly brought 
out from a number of experiments by SAKAI (14) and others. In such populations, the 
composition of various competing genotypes might have a great influence on their 
relative productivity and survival in the population. Thus, for deriving superior strains 
by this method, it would be necessary to investigate the nature of relationship between 
their performance in bulks and in pure stands. 

It might be of some interest to note from Table 1 that the total variation in fitness 
has gradually diminished from F, to F9. Now, according to the fundamental theorem 
of natural selection due to R. A. FISHER, one would expect the rate of change in 
fitness to be also decreasing with o „°, whereas the W’s in Table 1 show an increasing 
rate of change. A rather slow rate of increase in fitness during early generations of this 
barley population might perhaps be accounted for by the presence of many inferior 
segregants including ‘freaks’ and disease susceptible ones (cf. HARLAN, 8). In view of a 
large variance for fitness still present in the F‚, generation, the population fitness 
might well be expected to rise much further in following generations. 


PERCENT 


(2) Components of fitness 


In plants, fitness, or ability to survive under natural selection, is broadly made up 
of three components: germinability, survival to the reproductive age, and the number | 
of seeds produced. Each one of these, in turn, might be governed by a large number | 
of genetic and developmental factors. However, since the results of a detailed investi- 
gation of these components are not yet forthcoming, only a few examples are given | 
here. In F3, Fs, Fs, Fia, Fis, and F‚g of the C.C.V population, eight marker characters | 
were used to study the changes in phenotypic and genotypic frequencies during its 
propagation under natural self-fertilization and no artificial selection. Fig. 2 gives | 
the relative frequency of dominant phenotype (in percent of total) at each of these 
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FIG. 2. RELATIVE PHENOTYPIC FREQUENCIES (IN PER 8 
CENT OF TOTAL) IN F3, Fs, Fe, Fig, Fis AND 
Fis GENERATIONS. SEE TEXT FOR MEANING OF 
ALLELIC DESIGNATIONS. 7 


eight loci. Thus, it appears that thefrequency 6 
of dominant phenotype has markedly increa- 
sed at certain loci (viz. R, Bl, or Bl), decreased 
at some others (viz. B, Bt) and has remained „5 
fairly static at loci E and S. The observed 
decrease in the frequency of black pericarp 
type (B) as against the white pericarp (b) could 
have been partly due to their differential emer- 
gence, the overall means for B and b being oen 
about 88 and 94 per cent respectively. Ger- vhs Apr male aires ce 
minability, as tested under controlled condi- k he 
tions, was found to be the same in the two denn ô 
phenotypic classes. Vins gla ajbeed 
The proportional increase in rough awn type 
(R) over the smooth awn type (r), on the other 
hand, seemed to be at least in part due to a : 
certain amount of seed sterility associated AN dt Ee 
with smooth awns. For instance, in the F the F3 F Fi s Fe 
mean number of sterile spikelets per spike 
were: rough, 1.44; semi-smooth, 1.44; smooth, 4.62; and likewise, in F,g, the means 
were: rough, 0.67; semi-smooth, 1.78; smooth, 2.13. Although here the net effect of 
such a small differential in seed set may not be too important, yet it serves to point 
out an important factor in differential survival of two alternative phenotypes. According 
to some barley workers, the smooth awned individuals have only few stylar hairs 
which would result in a relatively lower seed set. Obviously, factors such as this 
one can be major determinants of fitness. 


FREQUENCY 


bn 


ten 


At the two complementary loci for blue vs. white aleurone color (Bl, Bl) still 
another form of selection differential has been observed. A fraction of heterozygotes 
gave an aberrant segregation ratio (7 :1 or 9: 1) of blue to white among their progeny. 
JAIN and ALLARD (11) have discussed two alternative explanations, one based on a 
lower viability of bl allele per se in the gametic stage, and the other based on the 
assumption of a linked gametophytic lethal gene (Ga). In any case, the operation of 
gametic selection would tend to increase the proportion of blue type. Several examples 
of gametic selection in nature are now well known such as those of “‘segregation ratio 
factor” in mice, preferential segregation in corn‚ meiotic drive in Drosophila and 
selective fertilization in lima beans and corn. However, an understanding of the 
evolutionary implications of the gametic type of selection awaits further analysis of 
such examples. Theoretical work on this problem is now in progress. 

Finally, the case of brittle rachis character disappearing gradually from the barley 
populations would present quite a different sort of example. This apparent selective 
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disadvantage of the brittle rachis could merely be the result of shattering before the 
time of harvest, a trait that might, in fact, be favored by natural selection for its role 
in seed dispersal. Thus, under cultivation there operates unconscious selection by man 
having been superimposed upon natural forces. 

In general, therefore, it seems that natural selection can achieve its goal of improving 
adaptability by taking various alternative pathways depending on the components of 
fitness involved in the process. Accordingly, the array of genotypes representing the 
adaptive norm of a population would be a characteristic of its initial structure and 
evolutionary history. It is the extent of coincidence between these adaptive peaks and 
the interests of plant breeders that would determine the usefulness of this so-called 
evolutionary method of breeding (16). 


(3) The form and amount of genetic variability 


Any consideration of response to selection, whether artificial or natural, must take 
into account the form, amount and distribution of genetic variability in the population 
since in general the greater the variability, the greater would be the response to se- 
lection. In a predominantly self-fertilized population with relatively few heterozygous 
genotypes there will be better immediate fitness than in a system with outbreeding or 
higher recombination potential having more flexibility and continued long-term 
response. That occasional outbursts of outcrossing might help maintain a sufficient 
amount of potential variability in a predominantly self-fertilizing species too was 
suggested by STEBBINS (15). In the present material, the genetic variability was there- 
fore analyzed with particular reference to the level of heterozygosity in the following 
two ways: firstly, for eight different marker loci the relative proportions of homo- 
zygotes and heterozygotes were estimated in various successive generations, and 
secondly, for plant height and heading time the total variance in F,, F„, Fy and Fig 
progenies was analyzed to estimate its between-family-means (o°) and within- 
families (ow,°) components (2, 10). Here om” provides a measure of the relative 
amounts of genetic heterogeneity whereas the values of ov,?, when compared with the 
corresponding value among the homozygous parental lines, may be taken as a measure 
of the residual heterozygosity under 
inbreeding. 

Fig. 3 below gives the proportion of 
heterozygotes at five of the marker 
loci investigated. Under as much as 
98-99 per cent selfing recorded for this 
material, heterozygotes are expected to 
be almost halved in number per selfing 
generation, more or less as observed in 
the case of loci B/b, G/g and S/s. It is 
remarkable to find, however, that at 
loci R/r and Bl/bl (Bl, or Bl), as many 
as 10 and 13 per cent individuals re- 

F, F, EN Ft F‚ _ spectively are heterozygotes even after 
GENERATION 18 generations. Following an analysis 
FIG. 3. CHANGES IN PER CENT HETEROZYGOSITY. of these genotypic frequencies, JAIN 
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and ALLARD (10) concluded that natural selection in favor of heterozygotes at such 
loci was able to maintain rather high levels of heterozygosity and consequently, a 
store of heterozygous potential variability in the population. While these heterozygotes 
contribute significantly to the population fitness, from the viewpoint of breeding it 
might hinder the derivation of superior pure lines from such a population. 

Next, the estimates of 5,” and op,” for plant height and heading time are given in 
Table 2 for parents (P) and four of the segregating generations. In both instances, 
there are two important points to note: first, the decreasing value of o;* among the 
advanced generations indicates a significant diminution in the amount of inter-family 
variance, that is, genetic heterogeneity, and second, a higher within-family variance 
in F than the corresponding figure in P might be attributed to the maintenance of a 
few heterozygous families by selection in conflict with inbreeding. Thus, in the present 
material both qualitative and quantitative characters seem to give evidence for hetero- 
zygote advantage as an important factor in maintaining genetic variation in the form. 
of heterozygotes. It is obvious that such composite cross bulks have a great genetic 
diversity present at all stages so that many significant adaptive changes could be 
expected under natural selection. Moreover, as the inbreeding generations are pro- 
ceeding, the relative amount of additive genetic variance may be expected to increase 
owing to a dissipation of some of the non-additive genetic effects. Now, using the 
parent-progeny regression as a measure of additivity, this expectation seems to be met 
with from the results in Table 3 below. In case of height and spike length, the value of 
parent progeny regression coefficient increased during the period from F3 to Fig. In 
the case of seed size, however, this statistic showed no significant change. 


TABLE 2. ESTIMATES OF AMONG-FAMILIES (G®) AND WITHIN-FAMILIES (Gyy°) COMPONENTS OF VARIANCE. 
(from ALLARD and JAIN, 2) 


Generation d 
Character Statistic |—_—___________——D Eno P 
F, F, Fis 
Heading Oan 745.61 462.59 528.13 398.36 1,280.97 
time Gw 10.70 9.80 8.91 7.10 5.28 
Height Orne 1,594.87 INL 22 A10 799.58 598.55 1,798.35 
De 107.02 771.07 83.42 51.89 46.79 


TABLE 3. ESTIMATES OF PARENT-PROGENY REGRESSION COEFFICIENTS. 


Statistic Height Spike length Seed size 
ber, nnn SEEC „298 „208 „379 
BEE een 452 „493 „304 


(4) Response to selection 


In the foregoing discussion were mentioned several kinds of genetic changes in these 
populations in response to selection, including those in overall fitness, yielding ability 
and in the level of heterozygosity. In general, they all showed a consistent and 
directional change. However, in case of five other metric characters, namely, height, 
heading time, spike length, spike density and seed size, ALLARD and JAIN (2) found 
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categorically a stabilizing selection pressure as indicated by a steady population mean, 
and the continually decreasing values of total phenotypic variance, between-families 
variance and of within-families variance. Thus, it appears that for all five characters, 
the intermediate metric values rather than the extremes would coincide with optimum 
fitness. WRIGHT (19) was first to suggest that this form of stabilizing selection might be 
frequently met with in nature. In an experimental population of cotton, MANNING (13) 
succeeded in improving the yielding ability through selection for intermediate values 
of its components viz. lint index, seed size index and lint length. Thus, it follows that 
under the stabilizing form of natural selection, the optimum genotype from the stand- 
point of survival and adaptability would not coincide with the optimum genotype 
in respect with the objectives of a breeder. The attenuation of response under contin- 
ued artificial selection followed by a relapse toward the original population mean 


TABLE 4. P-VALUES FOR TESTING THE SIGNIFICANCE OF ASSOCIATION-x?. 


Locus Gen. B Lb E | Bt | Bl, Bl, 
Ed 
FE; „30 
FE; „80 
Lb F3 E 
Es zE 
Fis ap 
* * 
FE, 02-05 „02-05 
FE; 20 „0205 
E Eis — „001 
EE — 02 
Fis = 10 
* * * 
FE; 50 „01-001 10 
FE; 50 „001 01001 
Bt EN = „01-001 „001 
Ei — „001 001 
Fis — „01001 001 
kok ok kk 
FE; 80 „20 50 
Es „20 „50 05-10 
Bl, Bl, Es „0510 „40 „0205 
EE 30 „16 01-001 
Le: 40 „10 01-001 
kk kek kek kk kkk 
FE; 30 80 „30 50 10 
FE; 20 „10 „20 „20 01001 
R, Rs Fis — „001 „30 „01001 „001 
Ei: — „001 502505 „05-10 „001 
Fie — „001 „01.001 | __.001 „001 


The number of asterisks in each square indicates the corresponding degrees of freedom. 
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when selection was relaxed, is a consequence of the same phenomenon. In the present 
barley populations, yield and fitness gave a strong and positive linear correlation 
(cf. Table 1) so that natural selection could also improve the yielding ability averages. 
On the other hand, selection for extremes in heading time or seed size was clearly 
ruled out under this intermediate phenotype model. In such instances, too ambitious 
selection differentials for any metric trait may not be successful due to a slippage in 
the selective response while the total performance might still be improved. 

Another important factor in slowing down the response is the inter-environ- 
mental slippage due to fluctuations in the optima selected for. During its propagation 
this bulk-hybrid population must have encountered a succession of different environ- 
ments that could make the entire evolutionary process to be stochastic in nature. 
WRIGHT (20) discussed a simple example to show that such a process can lead to 
many more adaptive peaks than would be attained with a constant set of selective 
values. In contrast, an artificial selection program has its goal fixed beforehand and 
the environmental fluctuations would only affect the rate of change in the set direction. 

An idea of how a group of characters has responded to the selective process in these 
populations may be obtained from the phenotypic frequencies at marker loci. At six 
different loci there are possible a total of 2° different phenotypic combinations. Of 
these, all except those involving the black pericarp color (B) were represented in 
all the generations studied. Moreover, as shown in Table 4, in a majority of cases 
the association chi-squares indicated an increasing association from F3 to F,g partic- 
ularly for those involving the loci R/r, R‚/r,. It appears that certain phenotypic 
combinations involve epistatic effects for better survival and productivity. Earlier, 
BAL (4) observed a similar trend in another bulk-hybrid population of barley and 
considered this phenomenon of genetic shifts as playing an important role in the 
evolution of favorable gene combinations under natural selection. The operation of 
such nonallelic interactions in nature is perhaps a rule rather than an exception and 
deserves attention of both the evolutionist and the breeder. 
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ABSTRACT 


In connection with the increase of chromosome number found in species hybrids 
of Saccharum the author studied embryo- -sac development within several Saccharum 
forms from early stages of meiosis in the SEO, -sac mother cells to stages where 
fertilization already had taken place. 

Normally by meiosis within EM C’s a row of four haploid megaspores is formed 
from which the innermost, the chalazal megaspore, develops into an embryo-sac and 
the other three degenerate. 

Haploid embryo-sacs, thus formed, may occur in Saccharum. Frequently however, 
in Saccharum endo-duplication takes place, that is splitting of the chromosomes with- 
in the nucleus of the chalazal megaspore, through which the chromosome number is 
increased. 

It is described how within Saccharum by this phenomenon embryo-sacs may be 
formed with diploid and tetraploid chromosome numbers and with numbers between 
haploid and diploid. 

The increase of chromosome number, observed in the young megaspore after 
meiosis, could be confirmed by counting the chromosomes of dividing nuclei within 
young embryo-sacs. 

Chromosome numbers found in dividing zygotes and endosperm nuclei within 
fertilised embryo-sacs also pointed to the occurrence of egg-cells and polar nuclei that 
must be haploid, diploid and tetraploid. 

The significance of this research in relation to plant breeding will be discussed in 
Part V. 


INTRODUCTION 


In the foregoing three articles numerous instances are given of increase in chromo- 
some number found within species hybrids of Saccharum. This holds especially for 
the third article in which polyploidy breeding within sugar cane is described. 

In returning briefly to this subject it may be reminded that when noble sugar cane, 
Saccharum officinarum (2n — 80), as female plant is crossed with the wild cane 
S.spontaneum of Java (2n — 112) as male plant, in all cases hybrids are formed 
showing 136 chromosomes in the somatic phase. This means that 40 + 40 chromo- 
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somes of the motherplant come together with 56 chromosomes of the father. In the 
first article two reasons were given why non-reduction within the EM C’s of S. offici- 
narum was out of the question. Many years it had been the opinion of the author that 
the increase in chromosome number of the hybrid would originate from a longitudinal 
splitting of the S.officinarum chromosomes in the egg-cell during fertilization by the 
sperm nucleus of S. spontaneum. 

During the second world war, in the years 1940-1944, the author had the opportuni- 
ty to undertake an extensive investigation on the development of the female game- 
tophyte and fertilization within sugar cane at the Botanical Laboratory of the Univer- 
sity of Utrecht. Sixteen clones belonging to different species and species hybrids of 
Saccharum were examined. The results of this investigation are treated in extenso in 
Bibliographia Genetica XVIII 1959: 1-99. 

To those who are especially interested in sugar cane‚ or in the mechanism that causes 
chromosome doubling, it must be said emphatically that the above mentioned paper 
provided with 60 figures gives more information about the chromosome increase. It 
seemed of much importance, however, to give in this journal of plant breeding a survey 
on the cause of chromosome increase in which more stress is laid on comparable 
cases found in species hybrids of other agricultural and horticultural plants. In other 
plants, however, the phenomenon is less frequently found than in Saccharum, where 
in special crosses increase of chromosome number even may be called a normal 
occurrence. 

It ought to be mentioned here that the supposed chromosome doubling in the egg- 
cell during fertilization with a male nucleus does not take place. Quite another pheno- 
menon was found. 

The investigation was executed on microtome sections of flowers of sugar cane, 
fixed in alcohol-acetic acid and stained with Heidenhain’s iron haematoxylin. Draw- 
ings were made with the aid of the camera lucida. In the paper mentioned above 60 
figures were given. In this publication the number of figures is restricted to 18. 


THE CANE VARIETIES USED FOR INVESTIGATION 


All clones of noble sugar cane have 80 chromosomes in the somatic phase. There 
are clones with good pollen, but frequently total sterility on the male side is found with 
anthers which remain closed. On the female side noble sugar cane clones mostly are 
partially fertile. In many cases even may be spoken of a rather high female sterility. 
Therefore noble sugar canes are unsuited for research on embryo-sac development. 
Frequently the development of the gametophyte ends with the formation of a totally 
sterile megaspore tetrad, so that in a rather small percentage of the ovules a complete 
embryo-sac is formed. 

Much better suited for such an investigation are the P.O.J.-clones like 2875 P.O.J., 
2878 P.O.J., 2940 P.O.J. etc. Especially of 2875 P.O.J. the author had much material 
at his disposal, consisting of all stages of embryo-sac development, fertilization, and 
development of embryo and endosperm. As already mentioned in the third contri- 
bution of this paper (3) 2875 P.O.J. (@n — 110) easily may produce more than 2,000 
seedlings per inflorescence when crossed with S.spontaneum, the glagah of Java. The 
great majority of these seedlings have without doubt 2n — 55 + 55 + 56 — about 166 
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chromosomes. 2875 P.O.J. has a rather low female sterility, so that most of the 
embryo-sacs reach the adult stage. This account, therefore, principally will deal with 
results obtained with 2875 P.O.J.. However also some data will be given on embryo- 
sac development of other Saccharum forms, like clones belonging to S. officinarum, 
S.spontaneum and S. Barberi. 


THE MEIOTIC DIVISION IN THE EMBRYO-SAC MOTHER CELLS OF 2875 P.O.J. 


Like in other grasses every ovary of Saccharum contains one ovule. In young ovules 
one embryo-sac mother cell is found. A very large number of E M C's was investigated. 
The prophase stages of the first meiotic division appeared to be normal. During 
diakinesis most of the chromosomes were found to be bivalents, but some univalents 
and multivalents may occur. In the metaphase most of the multivalents have fallen 
apart into bivalents. Fig. 1 gives a typical case of anaphase 1. The EM C is much 
elongated and somewhat curved. Between the two groups of chromosomes, originating 
from the bivalents, six lagging and dividing univalents could be seen. 

Such cases of anaphase I are very common in P M C’s of P.O.J. canes of the third 
nobilization. Since P.O.J. 2875 has 110 chromosomes, in this case probably there will 
be 52 chromosomes in each group passing to the poles. During telephase 1 a transverse 
wall develops between the two daughter nuclei. Very regularly it was found that the 
micropylar cell clearly showed a beginning of degeneration. Only rarely the outer 
dyad cell enters the second meiotic division. The degeneration of the outer dyad cell 
is frequently found in other grasses. 

During the interphase in the chalazal dyad cell the chromosmes are found in 
haploid number. Mostly they show their chromatid splitting and frequently they are 
then cross-shaped. Fig. 2 gives an example of such an interphase nucleus. Here about 
50 chromosomes were found that showed a double structure and 8 that appeared 
single and probably were halves of chromosomes that remained univalent during the 
first meiotic division. 

The metaphase of the second meiotic division was found 12 times in the 3,400 
preparations on embryo-sac development of 2875 P.O.J. and is therefore of short 
duration. Only in rare cases a true megaspore tetrad is formed. Normal is the reali- 
zation of a megaspore tryad of which the micropylar cell represents the outer dege- 
nerated dyad cell. Such a megaspore tryad of S. spontaneum is 
pictured in fig. 15 on page 337. In that figure, like in 2875 P.O.J., 
the two other cells represent the products of the second meiotic 
division. The outer one, the middle cell of the tryad, degenerates 
too. The inner, chalazal, cell becomes the embryo-sac. 

Within the chalazal megaspore of 2875 P.O.J. four different 
things may happen. It soon may pass into the resting stage as is 
normal for other plants. It may degenerate, resulting in a sterile 
ovule without embryo-sac. In rare cases this megaspore may ob- 
tain more than one nucleus of unequal size, as the result of an 
irregular second meiotic division. Very probably this also leads 
to sterility. 


FIG. 2. INTERPHASE IN CHALAZAL DYAD CELL. 2875 P.O.J. Xx 2400 
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FIG. 3. CHALAZAL MEGASPORE NUCLEUS. 2875 P.O.J. x 2400 
FIG. 4. CHALAZAL MEGASPORE NUCLEUS. 2875 P.O.J. x 2400 
Fro. 5. CHALAZAL MEGASPORE NUCLEUS. 2875 P.O.J. x 2400 
FIG. 6. CHALAZAL MEGASPORE NUCLEUS. 2875 P.O.J. x 2400 


In the majority of cases, however, the nucleus of the chalazal megaspore passes into 
the resting stage after a long period in which the chromosomes inside the nucleus 
remain contracted. It is these cases that must have our special interest. 

The examination of such nuclei, which may not be damaged by the microtome 
knife, was somewhat troublesome since the nuclei are small and contain many chromo- 
somes, which may cover one another. Therefore it was necessary to draw the upper 
and lower halves of the nucleus apart. 

Comparison of images of different preparations showed that the chromosomes may 
have a dissimilar appearance. This will be explained with the aid of some figures. 
Fig. 3 shows a chalazal megaspore nucleus of a tryad, of which the two other cells 
were totally degenerated. In total 56 chromosomes and 4 small nucleoli are pictured. 
The chromosomes for a large part are cross-shaped or show their double structure in 
another way. Most of the chromosomes lay inside the nuclear membrane. Partly, 
therefore, they are drawn in side view. There are 6 small single chromosomes in the 
lower part of the nucleus. Probably these chromosomes were derived from univalents 
that were split in anaphase 1. Such chalazal megaspore nuclei as pictured in fig. 3 were 
frequently found. Comparison between fig. 3 and fig. 2 shows that there may be a 
plain resemblance between chalazal nuclei of megaspore-tetrads and -dyads. The 
double structure of the chromosomes in the megaspore tetrad nuclei is remarkable. 
It is generally known that in anaphase II single chromatids pass to the poles. 

The chromosomes in fig. 4 are strongly contracted and differ in shape from those of 
fig. 3. Also in this case the chromosomes manifest themselves as double. Of some of 
them it seems that they are split into halves inside the nucleus. Of other chromosomes, 
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where the halves are lying adjacent to each other, it is clear that splitting has taken 
place. In total 56 partly split chromosomes were found in this nucleus. 

The chalazal tetrad nucleus pictured in fig. 5 shows distinctly that many chromo- 
somes are composed of two chromatids. Especially in the lower half of the nucleus 
there are many small chromosomes lying two by two, often parallel. In total 41 double 
and 41 single chromosomes are drawn, pointing to a chromosome number, before 
splitting, of about 60. Such a reduced number is imaginable after a meiotic division 
with irregularities. 

In fig. 6 no less than 103 chromosomes are seen in a chalazal tetrad nucleus. By far 
the most must have originated from division. Many of them are still lying in pairs. 
In some chromosomes the process of division is not yet completed. 

The figures 3 to 6 gave examples of various stages of transition from a “haploid” 
to a “diploid’” chromosome number *) by division of the chromosomes inside the 
nucleus of the chalazal megaspore. The chromosomes may be contracted or more 
elongated by a difference in inner spiralization. After chromosome doubling the 
nucleus passes into the resting stage, followed by the enlargement of the chalazal 
megaspore and the development into a diploid embryo-sac. 

In many preparations of 2875 P.O.J. chromosome doubling inside the chalazal 
nucleus was observed. Later stages of development of the ovule point to the fact that 
chromosome doubling does not occur in all ovules. There are chalazal megaspores 
that remain haploid, probably those which soon pass into the resting stage after the 
second meiotic division. 
En The method of chromo- 
some doubling described 
here is unknown in other 
plants. Within 2875 P.O.J. it 
is not the only process that 
can give rise to increase of 
chromosomes. Rather fre- 
quently there is a total 
omission of the second me- 
iotic division. In such cases 
the division of chromoso- 
mes takes place in the nu- 
cleus of the inner mega- 
spore dyad cell, while the 
outer cell is already in a high 
degree of degeneration. A 
nucleus in this stage is pic- 
tured in fig. 7. Besides 5 
nucleoli, several chromoso- 


ze 5 ee 


7 8 mes with a double structure 
FIG. 7. CHALAZAL DYAD NUCLEUS. 2875 P.O.J. X 2400 were found and numerous 
FIG. 8. CHALAZAL DYAD NUCLEUS. 2875 P.O.J. x 2400 single iehromosomes, often 


1) For convenience’ sake the terms diploid and tetraploid megaspores and embryo-sacs are used. 
All Saccharum forms known, however, are polyploids. 
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lying in pairs. It was impossible to 
fix the chromosome number exact- 
ly, since many chromosomes were 
lying too crowded or too close to 
the nucleoli. In other instances 
counting was possible. 

A good example of an inner 
dyad nucleus with split chromo- 
somes showing less contraction is 
found in fig. 8. Here the outer dyad 
cell was extremely smali, degene- 
rated and flattened. More of such 
cases were found that resembled 
diakinesis and in the beginning 
were mistaken for that stage. In 
fig. 8, 53 double and a small 
number of single split chromoso- 
mes are pictured. 

A highly remarkable nucleus 
that produced a very beautiful mieroscopical image is seen in fig. 9. The number of 
chromosomes amounts here to 135, a number that surpasses considerably the somatic 
number 110 of 2875 P.O.J.. It ís probable that many chromosomes in the figures consist 
of two chromatids that would have been able to divide into singles. Other chromo- 
somes are smaller. They are single and sometimes found in pairs. The figure gives the 
impression that initially a division in the chromosomes must have taken place, doubling 
the chromosome number from haploid to “diploid”, which is followed by a second 
division that is not yet completed. There is reason to assume that this is really so. In 
two cases an inner dyad nucleus was found with an extremely large number of very 
small chromosomes. One of these nuclei is represented in fig. 10. Several of the chromo- 
somes are lying in pairs. In total 238 chromosomes are drawn, while the tetraploid 
number for 2875 P.O.J. should be 220. The chromosomes were difficult to count, 
therefore the number found may be somewhat too high. Another possibility is that 
a somewhat higher chromosome number has arisen in the inner dyad nucleus by 
irregularities in the first meiotic division. 

In 69 cases of dyads in which increase of chromosome number could be established 
there were numerous nuclei in which probably a doubling of the chromosomes took 
place. Nuclei which showed a change to the “tetraploid” chromosome number were 
rare. After chromosome increase in the inner dyad nucleus has come to an end, the 
nucleus passes into a resting stage. Without a second meiotic division the inner dyad 
cell develops into an embryo-sac. 

Emphasis must be laid on the fact, however, that chromosome doubling inside the 
chalazal dyad nucleus is accompanied by a delay in meiosis. When a normal first and 
second meiotie division occurs on the female side, one may find the corresponding 
stages of division at the same time in the PM C's. Megaspore dyads with dividing 
chromosomes in the chalazal nucleus are frequently accompanied by pollen grains in 
an advanced stage of development in the anthers. This points to the fact that the 
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FIG. 9. CHALAZAL DYAD NUCLEUS. 2875 P.O.J. Xx 2400 
Fig. 10. CHALAZAL DYAD NUCLEUS. 2875 P.O.J. Xx 2400 
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splitting of chromosomes inside the chalazal nucleus must take a long time. 

Chromosome doubling inside the megaspore dyad or tetrad is a phenomenon that 
frequently occurs in 2875 P.O.J.. Therefore it cannot be considered as an abnormality 
for this sugar cane clone. It has been mentioned that in rare cases real abnormalities 
were found in the development of the megaspore tetrad of this clone. In 1940 NARAYA- 
NASWAMI published a paper on chromosome doubling within the megaspore tetrad 
sugar cane. He ascribes this doubling to a fusion of the two inner nuclei of the mega- 
spore tetrad. Such a fusion could never be stated within 2875 P.O.J.. In cases of 
oblique sections of megaspore tetrads, however, an interpretation was difficult. At 
most it may be said therefore that if fusion should really occur, it should be extremely 
rare. Without any doubt chromosome doubling within'2875 P.O.J. must be ascribed 
to the above mentioned phenomenon. 


After conclusion of the meiosis the chalazal megaspore tetrad cell, respectively the 
dyad cell, develops to an embryo-sac. This is attended with a strong growth of cell 
and nucleus and the origin of vacuoles in the cytoplasm. Embryo-sacs in which the 
primary nucleus probably soon will reach the stage of prophase of division may show 
striking differences in size, evoking the impression that we have to deal with haploid, 
diploid and tetraploid embryo-sacs, though it is impossible to prove this when the 
nucleus is not in division. 

Young embryo-sacs with the primary nucleus in state of division were rare in the 
preparations of 2875 P.O.J.. On a total of 3,263 this was only found 20 times, that is 
to say 10 prophases, 5 metaphases and 5 anaphases. Therefore it was impossible to 
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FIG. 12. DrPLOID PRIMARY EMBRYO-SAC NUCLEUS IN PROPHASE. 2875 P.O.J. X 2400 
Fia. 13. TETRAPLOID PRIMARY EMBRYO-SAC NUCLEUS IN PROPHASE. 2875 P.O.J. X 2400 


select especially favourable preparations. Moreover, the diameters of the primary 
nuclei were so large that these nuclei almost always were cut by the knife in sections 
of 20 to 22 micra. Comparison between the chalazal nucleus in fig. 3 (p. 329) and the 
primary embryo-sac nucleus in prophase in fig. 11 shows how much such nuclei grow 
between these stages of development. The nucleus of fig. 11 was cut in two pieces but 
drawn in three parts. About 57 chromosomes and 8 small pieces of chromosomes cut 
by the knife were counted. Without doubt this embryo-sac nucleus is haploid, like the 
nucleus of fig. 3. 

In another case a prophase of a primary nucleus of an embryo-sac was found in 
which about 80 chromosomes were counted. This embryo-sac nucleus must have 
originated from a chalazal tetrad nucleus, in which not all but only part of the chro- 
mosomes divided into chromatids. Since the chromosomes do not divide simultane- 
ously in the chalazal tetrad nucleus, such a partial division of the whole set of chro- 
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mosomes is not perceptable. It could be expected, as will appear from facts that will 
be mentioned later. 

Three primary embryo-sac nuclei were found that appeared to be “diploid”. One 
of them is pictured in fig. 12. In this case only a very small section at the upper side 
was cut by the knife, in which only one chromosome could be found. However, the 
nucleus was drawn in two parts. In total 113 chromosomes were found. 

A remarkable nucleus is found in fig. 13. It was so large that it was found in three 
sections. In total 204 chromosomes and 31 fragments are pictured, a number that 
must be approximately right. The number agrees well with the tetraploid number 220. 
Therefore there is no doubt that this primary embryo-sac is a tetraploid one. This 
finding gives a good affirmation of the fact that chalazal dyad cells, that grow out to 
embryo-sacs, may become tetraploid by a repeated division of the chromosomes. The 
tetraploid embryo-sac found undoubtedly arose from a tetraploid chalazal dyad 
nucleus. 

Also binucleate embryo-sacs were found with different sizes of nuclei that probably 
had the same gradations of ploidy. In a binucleate embryo-sac in metaphase one of 
the plates was in polar view. It appeared to be diploid. A marked difference in size of 
nuclei was also found in various embryo-sacs in the 4-nucleate state. In an undamaged 
nucleus in prophase of such an embryo-sac 56 chromosomes were counted, pointing 
to haploidy. 

Thus it appeared that chromosome counting in young developing embryo-sacs of 
2875 P.O.J. were in full accordance with countings in stages of nuclear division found 
in EM C's. After a normal meiosis I in EM C’s chromosome divisions in these cells 
were found that must lead to haploid, diploid and tetraploid embryo-sacs, which 
really were observed. 


THE DEVELOPMENT OF THE EMBRYO-SAC IN OTHER SACCHARUM FORMS 


By studying embryo-sac development of 2875 P.O.J. it soon appeared desirable to 
study also other clones. Material of other Saccharum clones, however, was only 
present to a limited extent. Still it may be said that results are obtained which form 
valuable completions to that which we learned from the research of the principal 
subject: 2875 PB. OEJE 

From the well-known cane clone 2878 P.O.J. (2n — 119) only material of the 
stages of the meiotic division up to megaspore tetrads was present. Requests for 
more complete material made shortly before and after the war remained without 
Success. 

The first meiotic division within E M C’s of 2878 P.O.J. appeared to have a regular 
course similar to that formerly found in P M C’s. 

Sometimes tetrads were found showing the chalazal megaspore nucleus in the 
resting stage. In 85 cases, however, chromosomes were seen in the chalazal megaspore 
nucleus. In most of these nuclei the chromosomes were already split and in several 
cases about the diploid number could be counted. A good example of a chalazal tetrad 
nucleus after the division of the chromosomes is seen in fig. 14. Several of the chro- 
mosomes were still lying in pairs, which is especially conspicuous in the lower half of 
the nucleus. 
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Fig. 14. CHALAZAL MEGASPORE NUCLEUS. 2878 P.O.J. Xx 2400 


Of 2940 P.O.J. (2n — 97), belonging to the cross of the fourth 
nobilization 2722 P.O.J. x E.K. 28, some valuable material was 
present. Chromosome division leading to diploidy wasfrequently | 
found inside the chalazal tetrad nucleus and in rare cases already 
in the chalazal dyad nucieus. In a primary embryo-sac nucleus 
in metaphase approximately the diploid chromosome number 
could be counted. 

Of the noble sugar cane DL. 52 (2n — 80) two young panicles 
were collected for the investigation of megasporogenesis. In the | 
diakinesis of an EMC 40 bivalents were found. Division of _ 
chromosomes inside the chalazal megaspore nucleus could be 
established. Nuclear division in uni-nucleate embryo-sacs was 
observed. In a primary nucleus in prophase 47 chromosomes 
were found, in two other cases about 80 chromosomes were present. This points to 
division of all the chromosomes or only part of them in the chalazal tetrad nucleus, 
as was already proposed for 2875 P.O.J.. 

The S.officinarum variety Bandjarmasin hitam (2n — 80) exclusively could be 
examined on one panicle containing mainly megaspore tetrads and embryo-sacs. It 
appeared that about half of the tetrads were totally degenerated, pointing to a high 
femele sterility. Partly chalazal nuclei in tetrads were haploid, partly the nuclei showed 
a transition to the diploid stage. It also appeared that chromosome doubling may 
take place already in the chalazal dyad nucleus. 

One uni-nucleate embryo-sac was certainly diploid, another probably also. Of three 
bi-nucleate embryo-sacs in which division was examined, two probably were diploid. 
Doubling of chromosomes during megasporogenesis, therefore, must be frequent 
within Bandjarmasin hitam. 

A cane variety indigenous in India, belonging to Saccharum Barberi, that could be 
investigated was Maneria (2n — 91). It is closely related to Chunnee, formerly used at 
the Java Sugar Experiment Station for crossing with clones of S. officinarum. 

Megaspore “tetrads’”’, mostly tryads, were found in which the chalazal cell soon 
passed into the resting stage, others in which the described chromosome doubling 
occurred. Also degeneration of the chalazal cell appeared to take place frequently, 
pointing to a considerable degree of female sterility. Moreover in 4 cases increase of 
chromosome number could be established in the chalazal dyad cell. In one of them a 
nucleus with about 150 chromosomes was present. Apparently the chromosome 
division here must occur twice, first from the haploid to the diploid and then to 
the tetraploid state, which in this case probably was not yet reached. It was a very good 
instance of repeated division in the chalazal nucleus, completely comparable with 
those found in megaspore dyads of 2875 P.O.J.. 

Nuclei in prophase within uni-nucleate embryo-sacs were found twice. Presumably 
the chromosomes were about in diploid number. In two uni-nucleate embryo-sacs an 
uncommonly large nucleus was found pointing to tetraploidy. 

Two nuclei of a 4-nucleate embryo-sac showed about 60 chromosomes a number that 
points to doubling of some of the chromosomes which was also found in 2875 P.O.J.. 
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Material of Saccharum spontaneum (2n — 112) of Java could be studied on three 
clones. In one of them no chromosome doubling in the chalazal tetrad nucleus could 
be established. In all cases this nucleus appeared to be in the resting stage. Tetrads 
that totally were degenerate were not found. This points to a high female fertility 
without chromosome doubling. 

In the second clone a normal meiosis in the E M C’s was found. Among 385 pre- 
parations there were 191 that showed megaspore tetrads with the chalazal nucleus in 
the resting stage. In 10 tetrads the chalazal nucleus contained visible chromosomes. It 
appeared that sometimes chromosome doubling must have taken place, but the 
chromosomes were so small that accurate counting was impossible. In two cases about 
117 and 104 chromosomes were drawn, numbers that deviate little from the somatic 
number 112 of the species. 

Also in the third clone the great majority of chalazal tetrad nuclei were in the 
resting stage. Some of them, however, showed dividing chromosomes. In one case 
about 116 chromosomes could be counted in a chalazal tryad nucleus (fig. 15). 

From the above mentioned observations on S.spontaneum of Java probably may 
be concluded that in some clones chromosome doubling occurs in a low percentage of 
the megaspore tetrads, producing a rather small number of diploid embryo-sacs. In 
other clones no chromosome doubling takes place within the chalazal tetrad nuclei. 
Then only normal haploid embryo-sacs will be found. 

Finally it must be remarked in this section that preparations were made of 2364 
P.O.J. (100-P.O.J. »  Kassoer) 2n — 148,-2944: P,O.T. (2875 POV. BASTO VER 
E.K. 28) 2n — 120, 2947 P.O.J. (2875 P.O.J. X S.off. var. S.W. 3) 2n = 120, G. 107 
(S.off. var. Striped Preanger X Glagah) 2n — 136 and 1228 P2 (2875 P.O.J. x Gla- 
gah) 2n — 166. In 2364 P.O.J., 2944 P.O.J., G 107 and 1228 P2 chromosome division 
within the chalazal megaspore nucleus sometimes was observed. Once it was found 
in 2944 P.O.J. that the chalazal tetrad nucleus and the adjacent third cell were con- 
nected by a communal dumb-bell shaped nucleus. The significance of this phenomenon 
will be discussed later. 


SHORT SURVEY OF THE RESULTS OF THESE INVESTIGATIONS ON CHROMOSOME DOUBLING 


Chromosome reduction to the haploid number during the first meiotic division in 
embryo-sac mother cells was observed in all investigated Saccharum clones. 
After this reduction the following things may occur: 


Ll. The chromosome number remains reduced in cases where the first and second 
meiotic division is followed rapidly by the chalazal-megaspore tetrad passing into 
the “resting stage”. 

2. The ovule may become sterile in cases where not only the outer three cells of the 
tetrad, but also the chalazal cell degenerates. 

3. The reduced number of chromosomes becomes reduplicated in the chalazal tetrad 
nucleus by division of all the chromosomes, so restoring the diploid number. 

4, Some but not all the chromosomes become reduplicated in the chalazal tetrad 
nucleus. 

5. The reduced chromosome number may be restored to the diploid number by 
division of all the chromosomes inside the inner dyad nucleus. In such cases the 
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inner, chalazal, dyad cell develops into the primary embryo-sac nucleus without a 
second meiotic division. 

6. In relatively rare cases the chromosomes that are divided in the inner dyad nucleus, 
may divide again in this nucleus. So the chalazal dyad nucleus becomes tetra- 
ploid and may develop into a tetraploid primary embryo-sac nucleus. 


Within the Saccharum clones investigated there was much difference in the occur- 
rence of these six possibilities. 

The extremes were found in 2875 P.O.J. where all six possibilities in embryo-sac 
development were present in contrast to the Java clones of Saccharum spontaneum, 
where degenerating megaspores were extremely rare ‘or not occurring and splitting 
of chromosomes in the chalazal megaspore nucleus occurs so seldom that only very 
few diploid embryo-sacs are formed. 


THE FERTILIZATION AND THE DEVELOPMENT OF EMBRYO AND ENDOSPERM WITHIN 
SUGAR CANE 


In connection with the increase in chromosome number it was of importance to 
study fertilization. Moreover it was worth-while to investigate the first commence- 
ment of embryo- and endosperm development in relation to chromosome numbers 
occurring in the dividing zygote and other cells. 

For this purpose more than 2,600 ovules were studied. The principal material was 
2875 P.O.J. and 2 clones of S.spontaneum, one of Java, which will be called Glagah 
Klut, after the vulcano Klut, where it originally was found, and the other of the 
island Sumbawa, which we wall call here Glagah Sumbawa. Both clones have 2n — 
112 chromosomes. 

Of 2875 P.O.J. more than 1,000 preparations were made from material of 8 panicles 
that were crossed with glagah. In order to become informed about the time of fertili- 
zation and the time of the occurrence of special stages of embryo- and endosperm 
development, branches of the panicles were fixed at different hours of day and night. 
The 8 panicles stripped, of these branches, together have produced 7,800 daughter 
plants, which, so far as planted in the field, have given exclusively plants of the type 
2875 P.OJ. Xx S.spontaneum. 

Of 2875 P.OJ. it appeared that about 35 percent. of the ovules had no embryo- 
sac, and, for that reason, were totally sterile. About 10 percent. of the ovules had 
abnormal embryo-sacs. So it may be concluded that somewhat more than half of the 
ovules had normal embryo-sacs. As abnormalities several times 3 polar nuclei were 
found in stead of two, once 4 polar nuclei and once an embryo-sac with 2 egg-cells. 

The difference in size of the nuclei was striking. There were embryo-sacs with small, 
others with very large nuclei. It was probably, therefore, that there were haploid, 
diploid and tetraploid embryo-sacs. 

Fertilization of 2875 P.O.J. appeared to take place three to five hours after polli- 
nation. Flowers begin to open at 5 a.m… The first fertilizations were found in material 
that was collected at 9 a.m.. Nothing pointed to chromosome doubling during or after 
fertilization. 

At the time of fertilization the egg-nucleus shows chromatin threads and a nucleo- 


338 


BREEDING AND CYTOLOGY OF SUGAR CANE IV 


lus. It is pictured in fig. 
16. A male nucleus is 
lying in narrow contact 
with the egg nucleus and 
shows a dense mass of 
chromatin. The polar 
nuclei are lying in the 
cytoplasm of the em- 
bryo-sac in the neigh- 
bourhood of the egg- 
cell. The male nucleus 
involved in endosperm 
formation lies in close 
contact with one of the 
polar nuclei. 

Shortly after fertiliza- 
tion a dense concentra- 
tion of male chromatin 
may be seen within the 
egg nucleus. The same 
holds true for the fusing 
polar nuclei. 

Division of the pri- 
mary endosperm nu- 
cleus may have taken 
place a few hours after 
fertilization. In one case : 
it was found in material FiG. 16. FERTILIZATION. 2875 P.O.J. x 700 
that was fixed at noon. 

In material fixed at 1 p.m. division of the primary endosperm nucleus was frequent. 
Division of the zygote, however, was found at 5 a.m. of the next day. Mostly the 
division of the primary endosperm nucleus was regular. In such cases the two daughter 
nuclei flatten and come to lie against the wall of the embryo-sac in the neighbourhood 
of the zygote. Sometimes, however, it happens that during division of the primary 
endosperm nucleus no bipolar, but a multipolar spindle is formed. In such cases irre- 
gular nuclei arise connected by bridges. Then further endosperm formation is-disturbed. 

In material collected at 5 a.m. the zygote several times was found in metaphase, but 
never in such a position that counting of chromosomes was possible. In one case, 
however, an estimation of the chromosome number could be made within an embryo- 
sac in which the primary endosperm nucleus was divided into two very large nuclei 
that were found in prophase of division. The nuclei were round, but strongly flattened 
in the third dimension. They were lying with one of the flat sides against the wall of 
the embryo-sac. One nucleus was cut transversely by the knife showing its strong 
flattening. The other nucleus (fig. 17), however, was undamaged and showed its 
round shape and large dimensions. The chromosomes were so numerous that it was 
possible to count them only in the upper half of the nucleus. Here 280 chromosomes 
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Fig. 17. ENDOSPERM NUCLEUS IN PROPHASE. 2875 P.O.J. Xx 1300 
Frio. 18. ENDOSPERM NUCLEUS IN PROPHASE. S. spontaneum. X 1300 


were found. The chromosome number of the whole nucleus was estimated at approxi- 
mately 500. Likely the embryo-sac concerned was a tetraploid one in which the original 
nuclei had 4 Xx 55 chromosomes. The endosperm, in that case, that originated from the 
fusion of two polar nuclei of 2875 P.O.J. with a sperm nucleus of S. spontaneum, must 
contain 4 Xx 55 +4 x 55 + 56 — about 496 chromosomes in its nuclei. 

This investigation of 2875 P.O.J. indicated a normal fertilization, without increase 
of chromosomes by chromosome division. Striking differences in size of the nuclei and 
in chromosome numbers of the endosperm pointed to the occurrence of haploid, 
diploid and tetraploid embryo-sacs. So the results obtained from the investigation of 
megasporogenesis could be confirmed. 


The two clones of S. spontaneum could be studied rather closely. The material of 
Glagah Klut was fixed at 8.15 a.m. and at 12.15 p.m. It appeared that fertilization 
already took place at 8.15, no more than 3 hours after pollination. In flowers of the 
same material, 24 hours older in development, the zygote was 48 times found undi- 
vided, 7 times dividing, while in 4 cases an embryo was present consisting of 2 cells. 
In all these cases the endosperm already had several nuclei. Nuclear divisions in the 
endosperm were simultaneous. Accurate chromosome countings in dividing zygotes 
or endosperm nuclei were impossible in Glagah Klut. The embryo-sacs, however, 
must have been haploid, producing diploid zygotes and triploid endosperm nuclei. 

Material of Glagah Sumbawa was collected at 5.15 a.m., 8.15 a.m. and 12.15 a.m.… 
In material collected at 5.15 no fertilization was found. That of 8.15 showed fertili- 
zation 4 times and in 3 cases fertilization had already taken place. In material of 12.15, 
14 embryo-sacs showed fertilization, while 117 cases were found in which fertilization 


340 


BREEDING AND CYTOLOGY OF SUGAR CANE IV 


had taken place, but in which the zygote and the primary endosperm were still 
undivided. In 39 other cases division of the primary endosperm nucleus was observed. 

In preparations of ovules already fertilized in previous days, nuclear division fre- 
quently could be observed. In 40 cases the zygote was dividing. In some favourable 
cases chromosomes could be counted approximately. 

In contrast to Glagah Klut, distinct differences in nuclear size were observed within 
Glagah Sumbawa. Also there were differences in chromosome number. From this the 
impression was gained that there were diploid as well as haploid embryo-sacs. A 
haploid embryo-sac will produce a diploid zygote and a triploid endosperm with 168 
chromosomes. From a diploid embryo-sac a triploid zygote and a pentaploid endo- 
sperm with 280 chromosomes may be expected. This could be affirmed by studying 
two undamaged endosperm nuclei. One of these endosperm nuclei appeared to be 
triploid, the other (fig. 18) was a pentaploid one. 

The occurrence of haploid and diploid embryo-sacs within Glagah Sumbawa is in 
agreement with the finding of chromosome doubling during meiosis as found in 
megasporogenesis of other glagah clones. All in all it appears that chromosome 
doubling may occur sometimes in the female generative cells of some S. spontaneum 
varieties, while in other varieties of this species no chromosome doubling takes place. 


CONCLUSION 


From the facts mentioned in section 5 it is evident that fertilization in Saccharum 
is normal. Haploid, diploid and even tetraploid egg-cells are fertilized by haploid 
generative nuclei of the male parent. Diploidy and tetraploidy in egg-cells is caused by 
the special way in which megasporogenesis occurs, as summarized in section 4. 

An important fact is that the difference in ploidy could be affirmed by counting the 
chromosomes in the dividing nucleus of the uni-nucleate embryo-sacs. From count- 
ings in this stage it appeared that also embryo-sacs may be formed with a chromosome 
number higher than haploid but lower than diploid. 

The results of these investigations on the cause of the increase in chromosome 
number are chiefly obtained from 2875 P.O.J.. However, for the greater part they 
could be confirmed for other clones belonging to various species and species hybrids 
of Saccharum. So the rarely occurring process of repeated chromosome splitting in the 
megaspore-dyad nucleus, leading to tetraploidy of embryo-sac and egg-cell could be 
observed also in a very beautiful image of a megaspore-dyad of Maneria. Of S. spon- 
taneum it was found that in some clones no chromosome doubling occurs. In other 
clones chromosome doubling in relatively rare cases was found in megaspore tetrads, 
but also in fertilized embryo-sacs. 

Chromosome duplication inside the nucleus, without spindle formation, has been 
frequently found in animals and plants in the last two decades, mostly in vegetative 
cells, but in some cases also in generative cells. Within the nucleus the chromosome 
duplication, however, may take place in different ways. The way in which duplication 
occurs in Saccharum will be called endo-duplication. Generally it may be said, there- 
fore, that the increase in chromosome number, often found within species-hybrids of 
Saccharum is based on endo-duplication during megasporogenesis of the mother 
plant. 
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The detection of endo-duplication in Saccharum, was made many years afer 
fixation of chromosome numbers in a very large number of interspecific hybrids. At 
that time some results of increase in chromosome number were totally inconceivable. 

The latter results and other questions about Saccharum cytology will be discussed 
in a separate article, Part V, on the cytology of Saccharum. This also holds for the 
work of S. NARAYANASWAMI[ who published in 1940 a paper on chromosome increase 
in Saccharum. He came to quite other conclusions than the author’s. 

Increase in chromosome number is found in several interspecific hybrids of other 
genera. It is worth-while to compare these cases with the results obtained in Saccharum, 
A very extensive discussion about all these questions is given in the author’s recent 
publication on the development of the embryo-sac in Saccharum. 

In Part V a somewhat shorter survey will be given about questions concerning 
Saccharum only. However, more attention will be paid to increase of chromosome 
number found in other interspecific and intergeneric hybrids. Also results of inter- 
generic hybrids of Saccharum will be treated. 


SAMENVATTING 


Problemen bij de veredeling en de cytologie van suikerriet 


In verband met de chromosomenvermeerdering gevonden in soorts-bastaarden van 
Saccharum werd de embryozak-ontwikkeling bij verscheidene Saccharum-vormen 
onderzocht, van vroegere stadia van de embryozak-moedercel af tot stadia, waarbij de 
bevruchting al had plaats gehad. 

Het bleek dat de chromosomenvermeerdering berust op een zeer bijzonder verschij- 
sel dat hier met de naam van endo-duplicatie wordt aangeduid: splitsing der chromo- 
somen binnen de kern van de jonge megaspore die tot embryozak uitgroeit. | 

Hoe bij suikerriet naast normale haploide embryozakken, tengevolge van deze 
chromosoomsplitsing, diploide en zelfs tetraploide embryozakken kunnen ontstaan, 
is voorts in deze publicatie beschreven. 

Het voorkomen van diploidie en tetraploidie van embryozakken van Saccharum 
kon bovendien bevestigd worden door telling van chromosomen in zich delende 
embryozak-kernen, zygoten en endosperm-kernen. 
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ABSTRACT 


A tetraploid form of Phleum pratense from southwestern Europe was found to 
behave cytogenetically as an autotetraploid. Inheritance patterns in inbred seedlings 
artificially inoculated with stem rust agreed with this interpretation if chromosome 
and chromatid assortment are assumed. 


INTRODUCTION 


Two foreign plant introductions of Phleum pratense L. grown in the grass breeding 
nurseries at Madison, Wisconsin, were of particular interest because of their cyto- 
genetic and genetic characteristics. P.L. 234724 and P.I. 234445 were introduced from 
France and Belgium, respectively. Compared to plants of hexaploid timothy, popu- 
lations developed from these introductions were characterized by lower vigor and 
height (14-22 inches), finer leaves and culms, small inflorescences, and a growth habit 
that tended to be semi-erect rather than erect. Reaction to stem rust (Puccinia graminis 
var. phlei-pratense (BRICKS. & HENN.) STAKMAN and PIEMEISEL)) and to leaf blight 
(Scolecatrichum graminis FCKL.) varied from good resistance to complete susceptibility. 
Since the plants proved to be tetraploid and differed somewhat in their cytogenetic 
characteristics from other tetraploid forms of the genus that have been studied these 
behaviors appear worthy of record. 


LITERATURE REVIEW 


Tetraploid species and forms of Phleum species and hybrids have been recognized 
previously (4). Phleum commutatum GAUD. forms only ring- or rodbivalents at 
meiosis. Hybrids of P. pratense X P.nodosum form 14 bivalents at metaphase 1 with 
but “solitary cases” of quadrivalent formations. Autotetraploid forms of P. nodosum L. 
were obtained from colchicine treatment. These had an average of 1.3 and 1.0 quadri- 
valents per cell. The bivalents were either rod- or ring-shaped; most of the quadri- 
valents were in the form of rings. Quadrivalents in tetraploid P. nodosum x (P. pratense 
x _P.nodosum) occurred in 36 % of the cells with an average frequency of 0.45 per cell. 
Almost this same pattern was expressed in P. alpinum (2n) x P.pratense-nodosum (4n) 
hybrids that were assumed to have arisen from unreduced gametes, and in tetraploid 
P.alpinum L. Xx P. nodosum. 


1) Results of cooperative investigations of the Crops Research Division, Agricultural Research 
Service, U.S. Department of Agriculture, and the Wisconsin Agricultural Experiment Station. 

) Geneticist, Crops Research Division, A.R.S., U.S. Department of Agriculture, and former Gra- 
duate Assistant, Agronomy Department, Wisconsin Agricultural Experiment Station, Madison, 
Wisconsin. 
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MATERIALS AND METHODS 


Herbarium specimens of plants studied cytologically were independently examined 
by J. R. SwALLEN, U.S. National Herbarium, Washington, D.C., and by C. E. 
HUBBARD, Kew Herbarium, Royal Botanical Gardens, Kew, Surrey, England. Both 
were disposed to regard the specimens as inseparable from Phleum pratense L. 
Subsequently, the senior author examined the specimens with Mr. HUBBARD. There 
are specimens of timothy on deposit at the Kew Herbarium that closely match those 
from the Madison population. Among these was one upon which Phleum intermedium 
Jorp. (2) was based. Other similar specimens suggest that its distribution is in the 
British Isles and southwestern Europe extending eastward along the Mediterranean 
to the Balkans. Whether the relative frequency of the specimens from England, France, 
and Belgium indicates that this is the primary center of the form or that it represents 
a reflection of intensity of collection is conjectural. There were relatively few speci- 
mens available for examination from Jugoslavia, Albania, and Dalmatia. 

The disposition of P. intermedium in the southwestern European flora is equally 
conjectural. JORDAN (2) regarded it as a component of P.pratense. The information 
available indicates that the tetraploid form differs from hexaploid timothy only in 
quantitative characters. Until a number of populations or specimens can be examined, 
and the nature of variability thoroughly defined, conservatism dictates that the 
tetraploid form of timothy should not be treated differently from similar chromosome 
races that occur commonly in many of the cross-pollinated perennial grasses. The 
writers are not disposed, at present, to recognize Phleum intermedium as a separable 
entity of either specific or varietal rank. GREGOR (1) has suggested terminology that 
indicates the level of polyploidy of the strains considered in technical studies. This 
has not come into common usage among either plant systematists or geneticists even 
though the concept would appear to possess merit. In view of these considerations, 
the writers prefer to regard the collections under discussion as belonging to a tetra- 
ploid segment of common timothy. This opinion does not imply that the writers are 
not cognizant of the fact that this form appears clearly defined from its congeners in 
quantitative characters. 

Material for cytological examination was fixed in Carnoy’s (6:3:1) fluid. Aceto- 
carmine was employed for smears and the percentage of stainable pollen was deter- 
mined with I-KI in lactophenol. 

The percentages of self- and cross-fertility were determined from ten mature ran- 
domly selected spikes of each plant. From these the average length of spikes selfed and 
the number of florets per centimeter of spike were determined. The latter varied from 
114-132, with an average of 122 per centimeter of spike. The ten open-pollinated 
spikes, from which the average spike length was determined, were threshed, bulked, 
and cleaned. The average weight of seed per centimeter of spike was determined in 
milligrams. The average weight per individual caryopsis was determined to be 0.4 mg, 
which is similar to that of ordinary hexaploid timothy. The number of viable seeds 
developed from self-pollination was ascertained from the number of seedlings that 
resulted from sowing seed in individual pans that contained sterilized greenhouse 
compost. The percentage of self-fertility was estimated from the total number of 
seedlings divided by total spike length x the number of florets per centimeter. 
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Fertility following open-pollination was calculated from the amount of seed per 
centimeter of spike divided by the average weight per seed. The number of seeds per 
centimeter was divided by the average number of florets per centimeter. Thus, fertility 
percentages indicated should be considered only as approximate estimates since the 
technique employed is obviously subject to considerable variation. 

No chlorophyll-deficient types were encountered among the seedlings of either type 
of population. Seedlings from self-pollination were planted at 14 inch spacing in 
greenhouse flats. When the plants had become well-established and adult-type leaves 
had been produced in some abundance, they were artificially inoculated with stem 
rust (3). Approximately one month later, the number of infected and resistant, or 
escape, seedlings was determined. Infected seedlings were removed from the flats 
and those remaining were subjected to a second inoculation. Classification was made 
a month later. The X? values for goodness-of-fit of observed segregations are indi- 
cated. 


RESULTS 


Cytological observations: Limited observations were made upon sporocytes during 
pachytene and diplotene when multiple associations of six, and possibly eight, chro- 
mosomes were observed (fig. 1). It was not possible to ascertain positively whether 
associations larger than quadrivalents represented true catenations or were mere 
adnations, perhaps resulting from stickiness. The number of cells encountered at 
these stages was limited, and no data on frequency of such associations are available. 
Cells with nuclei at these stages suggest if these represent true multiple associations, 
their frequency might be somewhat higher than that apparent at diakinesis, with some 
dissociation having occurred prior to the latter stage (table 1). 


Figs 1-5. MEIOSIS IN TETRAPLOID Phleum pratense. 


Fig. 1. DIPLOTENE WITH MULTIVALENT CONFIGURATIONS. 

Fi. 2. LATE DIAKINESIS OR EARLY METAPHASE WITH 13 BIVALENTS AND 2 UNIVALENTS. 

Fig. 3. LATE DIAKINESIS OR EARLY METAPHASE Ì WITH 4 QUADRIVALENTS, 5 BIVALENTS AND 2 UNIVALENTS 
Fig. 4. METAPHASE WITH 14 BIVALENTS. 

Fia. 5. ANAPHASE Ï WITH A DICENTRIC BRIDGE AND AN ACENTRIC FRAGMENT. 


Diakinetic sporocytes exhibited a range of from 0-5 quadrivalents, with a range of 
from 0.5-1.6 in cells classified (fig. 2 and 3). Chromosomes appeared mostly as biva- 
lents but occasionally univalents occurred. The Xta frequency varied from 23.4 to 
28.0 per cell at diakinesis. 
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TABLE 2. ÍDENTIFICATION OF TETRAPLOID Phleum pratense PLANTS, AVERAGE LENGTH OF SPIKE, NUMBER 
OF SPIKES SELF-POLLINATED, THE PERCENTAGES OF SEED-SET FOLLOWING SELF- AND OPEN- 
POLLINATION, AND THE YIELD OF SEED OBTAINED PER CENTIMETER OF SPIKE FOLLOWING 
OPEN-POLLINATION 


DE Ave. spike!) Spikes Percent fertility Msg. seed 
length (cm.) selfed Self Op per cm. (Op) 
El31-1?) | 4.6 7 0.000 65.0 | 32.0 
á 8.5 19 „003 68.8 5) 
5 6.4 34 „008 54.4 28.9 
9 6.2 6 „039 96.9 47.2 
15 3.6 Ke) „00! 46.9 22.8 
18 5.0 10 „001 8.1 4.0 
6 4.7 — | — 96.8 47.2 
7 6.1 — = 57.4 28.0 
10 525 | — — 78.5 38.3 
1 5.8 | — — 70.7 34.5 
12 | 5.7 | en - 77.7 37.9 
13 | DA — — 60.7 29.6 
16 5.6 - — 52.0 25.4 
20 513 = — 58.4 28.5 
El32-2%) 5.0 7 „001 50.0 24.3 
3 6.0 19 „008 46.3 225 
4 6.1 24 003 78.8 38.4 
6) 58 — 000 3317 16.4 
y 7e 9 001 69.4 34.1 
10 6.3 27 | 003 55.6 Dis 
1 51 5 | - | 81.2 39.6 
8 7.1 | 0 z 75.9 37.0 
9 5.4 | = — ARS 34.8 
El36-2*) 4.8 48 „0002 35.0 16.9 
4 6.5 17 | ‚017 18.1 8.8 
5 5.0 19 „001 | 26.3 12.8 
ij 6.5 5 „001 74.4 36.2 
9 Sl 9 „000 58.1 28.6 
3 4.9 — — 34.7 16.9 
8 5.8 — | - 56.5 27.6 
| | 
Average | „005 58.6 28.7 


1) Based on ten random spikes per plant. ?°) Progeny 131 — P.I. 234724. 
3) Progeny 132 — P.L. 234724. ® Progeny 136 — P.I. 234445. 


The metaphase I configurations of two plants were examined in some detail. No 
quadrivalents were observed in cells of one plant (fig. 4), whereas those of the other 
averaged 0.2. While the data are limited, they suggest that the tendency towards early 
dissociation prior to diakinesis may be a characteristic of the species. 

At both AT, and AT, the frequency of lagging univalents was low. Approximately 
one-third of the univalents occurring at AT, were undivided. An occasional cell with 
bridge-fragment configuration was encountered (fig. 5). Sporocytes at AT, were 
characterized by low frequencies of lagging univalents, with an accordant low 
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incidence of micronuclei at the quartet stage of development. Pollen of one plant was 
not obtained in a stage sufficiently advanced to allow for the determination of the 
degree of pollen stainability. Another plant (El32-5), characterized by a high fre- 
quency of quadrivalents at diakinesis and considerable irregularity during the meta- 
phase and anaphase-telophase stages that included inversion configurations produced 
pollen of very low stainability. Metaphase II of this plant averaged 0.7 unoriented 
univalent in the 82 sporocytes examined. 

Seed-set following self- and open-pollination: Florets in spikelets of plants selected 
for cytological examination had progressed beyond the flowering stage when the 
cytogenetic behavior of this tetraploid form proved to be of sufficient interest to 
warrant examination. However, spikes of 16 later maturing plants were placed in 
parchment sleeves for self-pollination. All plants investigated were highly self-sterile. 
Self-fertility of the 16 plants examined ranged from 0.0 to 0.04 % with an average of 
0.005 (table 2). This level appeared somewhat lower than that of ordinary hexaploid 
timothy. Crossfertility varied widely; the range among 30 plants was from 8.1 to 
96.9 %, with an average of 58.6 %. Seed yields per centimeter of spike ranged from 
4.0 to 47.2 mg. ; the average of the 30 plants was 28.7 mg. 

Progeny analysis: Segregation for stem rust reaction in all cases gave good fits to 
the autotetraploid single-factor inheritance pattern with susceptibility dominant to 
resistance (table 3). The data indicate that it is not possible to determine predominance 
of either chromosome or chromatid assortment. 


TABLE 3. OBSERVED NUMBERS OF RUST-RESISTANT AND RUST-SUSCEPTIBLE PLANTS IN POPULATIONS OF 
TETRAPLOID Phleum pratense SEEDLINGS RESULTING FROM SELF-POLLINATION, AND X? VALUES 
FOR GOODNESS OF FIT TO SEGREGATION PATTERNS ASSUMING AUTOTETRAPLOID CHROMOSOME 
AND CHROMATID ASSORTMENT. 


Chromosome Chromatid 
Observed Assortment Assortment 
Plant | Genotype É 
Sus. Res. Ratio DC Ratio DN 
El31-4 56 2 SSss Sel 97 Oee 26 
El31-5 89 24 SSSSs 3:1 „Ol 2.48 :1 2.00 
El31-—9 125 33 SSSS Sell 2.16 2.48 :1 09 
El31-15 0 2) SSSS — — | — — 
El31-18 5 1 SSSS shell 2) 2.48 :1 42 
B13252 ii í SSSS Bril ‚67 2.48 :1 1.03 
El32-3 91 19 Ssss BR 3.50 2.48 :1 TEAN Sets 
El32-4 | 43 3 SSss Sjoa! 2.97 DL „38 
E132-7 | ii 0) SSSS — — — — 
El32-10 47 DD SSss BS 31 2 „02 
El36-2 4 1 SSSS Seil ‚07 2.48 :1 „19 
El36-4 279 15 SSss 35 Sptejhe 2e all 
El36-5 4 1 SSss Snil „07 2.48 :1 19 
El37-7 4 l SSsS Sal 07 2.48 :1 „19 
El36-10 104 13 SSss gSmil 31 21e: ‚02 


* Significant at 0.05. ** Significant at 0.01. 
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DISCUSSION 


Some of the behaviors characterizing tetraploid plants of P.pratense are those 
generally observed in autoploids. Very low calculated percentages of seed-set were 
obtained following self-pollination, and relatively few plants of the population studied 
were characterized by high seed-set from open-pollination. The average of the entire 
population of 30 plants following open-pollination was 58.6 per cent. 

The high frequency of quadrivalents at diakinesis is expected also in an autoploid 
species. However, the very low frequency of multivalent configurations and the 
absence or low incidence of unoriented univalents at metaphase I and of lagging uni- 
valents at the anaphase-telophase stages, together with the low frequency of micro- 
nuclei at the quartet stage of development, ordinarily would not be expected if the 
form were autoploid. Likewise, the percentage of stainable pollen was moderately 
high or high in four of the five plants examined. These discrepancies led to a re- 
examination of sporocytes at diakinesis wherein a single instance of what appeared 
to be a hexavalent was encountered. Further examination of the earlier stages of 
diplotene and pachytene indicated that possible multiple associations of six, and 
probably eight, chromosomes occur and that the frequency of quadrivalents at these 
stages might surpass somewhat that observed to occur at diakinesis. 

The behaviors encountered suggest the following interpretation. The species may 
have arisen as a result of the natural hybridization of two closely related species of 
Phleum that differed but slightly from one another in their chromosome structural 
arrangements. Such an interpretation would account for the cytological behaviors 
encountered during the mid- and late-prophase stages if one assumes the donor 
species differed but slightly and autosyndetic pairing occurred within the complement 
members. Genetically, such a species could not be distinguished from a true autoploid 
on the basis of the segregations expressed for various characters. This is amply 
demonstrated by the close agreement between observed and expected ratios obtained 
following artificial inoculation of seedling populations with stem rust. On the con- 
trary, however, the cytological behavior during the later stages of meiosis would be 
expected to exhibit tendencies more closely similar to those that characterize alloploid 
species. This is reflected in the data presented. 

Cognizance should be taken of plant El32-5, which deviated materially in its cyto- 
logical behavior from that of other plants examined. It is uncertain whether the high 
frequency of multiple associations observed in this plant was due entirely to homology 
since there was evidence of translocations and inversions, or deletions during early 
prohase stages. This appeared associated with the unoriented univalents at metaphase 
L, and the inversion bridges and lagging chromosomes at anaphase-telophase 1, as 
well as with the reduced percentage of stainable pollen. It is reflected also in complete 
selfsterility and low seed-set following open pollination. 


SUMMARY 


A tetraploid form of Phleum pratense behaved cytogenetically during early stages of 
meiosis as an autoploid, and the segregation among plants artificially inoculated with 
stem rust confirmed this interpretation. However, later meiotic stages did not follow 
patterns that are regarded as typically autoploid. 
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ABSTRACT 


Some male sterile plants were found in seed fields of cauliflower, Brussels sprouts 
and white cabbage. In all 3 crops the male sterile flowers were characterized by 
shorter stamens and shrivelled anthers. Male sterility did not seem to be greatly 
influenced by the environment. 

In cauliflower male sterility is determined by 1 recessive factor. In Brussels 
sprouts this characteristic also depends on recessive factors. In this crop, however, 
the mode of inheritance is much more complicated. In addition to completely male 
sterile plants there were also partially male sterile plants of Brussels sprouts. 

Two plants of white cabbage were found to be male and female sterile. 


INTRODUCTION 


During the past years various hybrid varieties of Brassica crops have been intro- 
duced by Japanese plant breeders. These varieties are obtained by crossing two self- 
incompatible inbred lines. If these lines flower simultaneously the resulting seed is 
produced by cross pollination. However, this incompatibility is not complete and 
depends on the developmental stage of the flower and on external factors (5). When 
fertilization is also effected by pollen from plants of the same line, the resulting F, 
partly consists of inbred plants that are worthless to the grower. 

A better control of the pollination is achieved if one of the two inbred lines is male 
sterile, as seed of this line can only be produced after pollination with pollen of the 
other line. Research has been carried out on the occurrence of male sterility in cauli- 
flower, Brussels sprouts and cabbage. Some preliminary results with cauliflower have 
been published by JENSMA (3). 


METHODS 


In some seed fields of cauliflower, Brussels sprouts and cabbage a search was made 
for male sterile plants. The plants were examined with the naked eye. Plants with 
male sterile flowers strike the eye because their petals unfold more slowly and less 
completely than those of normal plants, so that the flowers look smaller. The stamens 
are short, the anthers are poorly developed and usually fail to open. The stigmas 
project above the anthers (fig. 1). 

The plants found remained in the field and were pollinated by the surrounding 
plants. In some instances they were maintained by cuttings. The inspection for the 
occurrence of male sterility in the following generations always took place in May and 
June with plants that stood in the field. The segregation ratios were statistically tested 
on binomial probability paper, the 5 per cent. level being used as a criterion of 
significance (2). 
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Fi. 1. MALE STERILE (LEFT) AND NORMAL FLOWERS (RIGHT) OF BRUSSELS SPROUTS. 


CAULIFLOWER 


In 1953, 1 partially and 3 completely male sterile plants were found in early varieties 
They produced a normal F,. In the F} the ratio between normal and male sterile plants 
was 305 :88. This ratio does not deviate significantly from a 3 :1 ratio, which leads to 
the assumption that male sterility is governed by 1 recessive factor, hereafter repre- 
sented by the symbol ms. This assumption was confirmed in subsequent years by 
crossing Msms with other Msms-plants or with msms-plants, and by selfing Msms- 
plants (table 1). The ratios found are in agreement with the theoretically expected 
geor: lratto: 


TABLE 1. SEGREGATION OF MALE STERILE PLANTS AFTER CROSSING OR SELFING MSMS-PLANTS 


| Number of plants 

Year!) Crossing - == == == 
normal male sterile 

USL EE SE msms > Msms 31 | 27 

19Slaerarte alt. vale msms Xx Msms 167 134 

LOSS an EE A act Msms x Msms 267 | 102 

Selfing 
FOSOM Ze AET ROTE Msms 24 8 
OST Ireen BP IE Msms 272 78 


1) Year in which the population was examined 
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In order to ascertain whether male sterility is also determined by a plasmatic factor, 
two plants, randomly taken from two commercial varieties, were pollinated with 
pollen from Msms-plants. The F, contained male sterile plants, so the action of the 
gene factor ms is also expressed by way of the plasm of these two parent plants. 

Hence male sterility is not likely to depend on the plasm of the parent plant. 


BRUSSELS SPROUTS 


In 1954 seed was raised from two male sterile plants found in a seed field of the 
variety Roodnerf. The F, was normally fertile. On examining the Fs, in 1957, distinct- 
ion was made between fertile and male sterile plants. When plants of the same F, were 
examined in 1958 it was found to be necessary to subdivide the latter group into 
partially and completely male sterile plants (table 2). Part of the flowers of the partially 
male sterile plants produced normal viable pollen. 


TABLE 2. SEGREGATION OF MALE STERILE PLANTS IN THE F2 OF TWO MALE STERILE PLANTS OF BRUSSELS 


SPROUTS 
Number of F, plants (1957) Number of F, plants (1958) 
a | i ú |_partially completely 
voe end Ae male sterile | male sterile 
id 186 26 221 10 6 
2 54 6 57 3 4 
Total 240 32 278 IK) 10 


When the partially and completely male sterile plants are added together no signi- 
ficant differences are shown between 1957 and 1958. So it may be assumed that some 
of the plants classified as male sterile in 1957 were only partially sterile. 

Further selection was carried out in the progenies of plant 1. Only those progenies 
which contained the highest number of male sterile plants were propagated further. 
In the successive generations there was a marked increase in the percentage of male 
sterile plants (table 3). 


TABLE 3. MALE STERILE PLANTS IN THE F2, F3 AND F4 OF A MALE STERILE PLANT OF BRUSSELS SPROUTS 


Plant numbers Percentages 
Year | Generation partially | completely [ partially | completely 
normal male sterile | male sterile or male sterile | male sterile 
1958 F, 221 10 6 93 4 3 
1959 185 234 42 62 69 13 18 
1960 F4 67 45 148 26 17 57 


These investigations have shown that, although this male sterility likewise depends 


on recessive factors, its inheritance is much more complicated than in the case of 
cauliflower. 
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FIG. 2. CELLULAR GROWTH IN THE EMBRYO SAC OF A MALE STERILE FLOWER OF WHITE CABBAGE. 


CABBAGE 


In 1954 two male sterile plants were found in a seed field of Glory of Enkhuizen. 
In the field these plants did not produce any seed. In 1955 and 1956 the plants were 
maintained by means of cuttings. They were pollinated with pollen of white cabbage, 
red cabbage and cauliflower. Pollination was done by hand or by bees. As none of the 
plants set seed the impression was gained that they were also female sterile. To obtain 
further information on this point, some ovules were examined microscopically by 
Mr. Kro, of our Institute, who found that there occurred cellular growth in the 
embryo sac (fig. 2). This is presumably associated with the female sterility. 


DISCUSSION 


If male sterility also depends on plasmatic factors, completely male sterile lines can 
be obtained. This is not possible if male sterility is governed exclusively by genes. 


354 


MALE STERILITY IN SOME COLE CROPS 


With cauliflower, for instance, the best result that can be obtained is the 
production of lines with 50 % male sterile plants (msms x Msms). For the production 
of hybrid seed it is necessary to remove the fertile plants during the flowering period 
of such a line. It would be easier if this could already be done at an earlier develop- 
mental stage. Thús is possible if the factor for male sterility is linked with a factor for a 
character already visible before the opening of the flowers. The above investigations 
bore on white- and, yellow-flowered plants and anthocyanin-free and anthocyanin- 
containing plants. No linkage with any of these characters was observed. 


These investigations have also shown that under normal field conditions the occur- 
rence of male sterility in cauliflower is hardly influenced by the environment. Although 
deviation of the theoretically expected segregation ratios has never been observed, it 
seems that some variation can occur. Thus one of the four originally male sterile 
msms-plants was partially male sterile, for this plant produced some pollen. It was 
not investigated whether this pollen was viable. 


The mode of inheritance of male sterility in cauliflower agrees with that found in 
Brussels sprouts by JOHNSON, and in broccoli by Core (4, 1). Male sterility in cauliflower 
may be inherited in yet another way. When some other male sterile plants of cauli- 
flower were propagated the F, contained only a few male sterile plants. It may be 
that, as in Brussels sprouts, the percentage of male sterile plants could have been 
increased by selection. This has not been investigated further. 

With Brussels sprouts, too, the environment did not seem to exert much influence on 
the occurrence of male sterility. At any rate there was little difference between the F, 
plants investigated in 1957 and in 1958. Because of the complicated mode of inherit- 
ance a genetical analysis has been impossible so far. Further research will be needed. 
It is clear that this male sterility, being inherited in such a complicated manner, cannot 
be readily bred into other varieties and strains, and consequently is less attractive to 
the practical breeder. 


SAMENVATTING 


Mannelijke steriliteit bij enige koolgewassen 


In zaadvelden van bloemkool, spruitkool en witte kool is gezocht naar mannelijk 
steriele planten. Een bij bloemkool gevonden vorm van mannelijke steriliteit werd 
bepaald door één recessieve factor. De mannelijke steriliteit die bij spruitkool gevon- 
den is erfde, hoewel veel gecompliceerder, eveneens recessief over. Bij dit gewas kwa- 
men naast volledig mannelijk steriele ook gedeeltelijk mannelijk steriele planten voor. 
Door selectie nam het percentage mannelijk steriele planten steeds toe. Twee mannelijk 
steriele witte koolplanten bleken eveneens vrouwelijk steriel. 

Bij alle drie gewassen waren de helmdraden korter dan bij normale bloemen en de 
helmknoppen verschrompeld. Het optreden van mannelijke steriliteit leek weinig 
door het milieu beïnvloed. 
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ABSTRACT 


The developing research on plant breeding induced a need for periodicals. Various 
were founded and in countries which did not start a plant breeding journal the research 
workers continue to make use of general and genetic periodicals or of foreign plant 
breeding journals. Much is still being published in annual reports or reports of 
congresses with a limited distribution. 

It may be expected that more and more the research on plant breeding will be 
published in specific journals and also in a language which is generally understood. 
In this way efficiency of publication will be furthered. 

The author gives a survey of the 16 periodicals in the field of research on plant 
breeding and one abstracting journal. 


INTRODUCTION 


Although the number of periodicals in the field of plant breeding has not increased 
notably yet it was considered worth while to revise the previous article (L)). 

The informations on subscription rate as well as number of articles are, if possible, 
based on issues which appeared in 1960. The following periodicals can be mentioned: 


Journals with original publications 


Agri Hortique Genetica. 

Annales de l'Amélioration des Plantes. 

Crop Science. 

Euphytica. 

Genetica Agraria. 

Genetica Polonica. 

Hodowla Roslin, Aklimatyzacja i Nasiennictwo. 
Indian Journal of Genetics and Plant Breeding. 
Japanese Journal of Breeding. 

Meddelande frân Gullâkers Vaxtförädlingsanstalt, Hammenhög. 
Melhoramento. 

Silvae Genetica. 

Sveriges Utsädesförenings tidsskrift. 

Trud. priklad Bot. Genet. Selekc. 

Zeitschrift für Pflanzenzüchtung. 

Der Züchter. 


Abstracting Journal 
Plant Breeding Abstracts. 
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Below some details of these journals are given according to the countries where 
they are published. 


PERIODICALS IN THE FIELD OF RESEARCH ON PLANT BREEDING 
England 


Plant Breeding Abstracts is a quarterly journal containing abstracts of current 
literature throughout the world. A special feature of Plant Breeding Abstracts is that 
works published in more unfamiliar languages are abstracted extensively. The volume 
30 (1960) contained 4,550 abstracts, in English, of articles and books written in thirty 
to forty different languages. 

Every effort is made to make Plant Breeding Abstracts as complete as possible and 
its notices of papers referring to plant breeding or the genetics of crop plants as 
prompt as possible. To aid this, authors are invited to send to the Director (Common- 
wealth Bureau of Plant Breeding and Genetics, School of Agriculture, Cambridge, 
England) copies of their papers immediately on publication. 

The four issues of volume 30 (1960) comprise 962 pages (including 92 pages of the 
author and subject indexes). 

Subscription rates are 70 s per volume (with indexes), less 20 % to subscribers in the 
British Commonwealth (other than recognized booksellers) who send their sub- 
scription direct. 


France 


Le Sélectionneur appeared from 1927 (vol. 1) to 1939 (vol. 8). 

In 1951 the Annales de  Amélioration des Plantes was started as Series B of the 
Annales de [Institut National de la Recherche Agronomique. 

The four issues of vol. 9 (1959) comprise 583 pages. The 10 articles are written in 
French. It also contains abstracts. Since vol. 6 (1956) no. 1 summaries in English, 
German, and Russian have been added. 

Subscriptions 26 NF in France, for other countries 30 NF. 


Germany 


The Zeitschrift für Pflanzenzüchtung has appeared since 1913. A register of volumes 
l to 26 was published in 1949. Six to eight issues appear annually; four issues form 
one volume. It also contains book reviews and abstracts. In the Editorial Board 
Sweden and Austria are represented. 


The 19 articles in the four issues of vol. 43 (1960) are written in German; vol. 44 


(1960/61) contains 18 articles, 
Subscription rates are dependent on size (vol. 42, 1959/60, 420 pp, 109, 80 DM; 
vol. 43, 1960, 436 pp, 111, 20 DM; vol. 44, 1960/61, 444 pp, 109.60 DM. 


Der Züchter, Zeitschrift für theoretische und angewandte Genetik, was founded in 
1929. Every year eight issues appear. In 1949 the separate number no. l appeared with 


bn 


more than 13,000 titles of literature in the field of genetics and plant breeding, in 1954 


no. 2 (Genetisches und Cytologisches Wörterbuch), in 1955 no 3 (Das morpholo- 


gische System der Kulturtomaten) and in 1957 no. 4 (Die Frühdiagnose in der 


Züchtung und Züchtungforschung). 
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The eight parts of vol. 30 (1960) comprise 364 pages. The 55 articles of vol. 30 are 
written in German. It also contains book reviews and abstracts. 
Subscriptions 40. — DM. 


Since 1959 Silvae Genetica continues the Journal of Forest Genetics and Forest- 
Tree Breeding. This international journal publishes original articles, general reviews 
and communications on genetics, cytology and breeding, of importance to forest 
genetics and forest tree breeding. 

The six parts of vol. 9 (1960) comprise 176 pages. The 20 articles and 9 short com- 
munications of vol. 9 are published in German, English or French, with summaries 
in English added to the German texts, summaries in German added to English texts 
and summaries in German and English added to the French texts. It contains also 
book reviews and abstracts. 

Subscriptions in 1961 40 DM. (In 1952-1960 30 DM.). 


India 


In India The Indian Journal of Genetics and Plant Breeding has appeared since 1941. 
It contains articles on subjects of interest to plant breeders on genetics, cytology, plant 
breeding methods, biometrical studies, crop improvement work in India, reviews of 
present state knowledge in important fields, etc. 

There was one issue in 1941 and two per annum till 1959. Vol. 19 (1959) comprises 
238 pages; the 26 articles are written in English. Vol. 20 will be published in three parts. 

Subscriptions Rs 20. 


Italy 


Genetica Agraria, Periodico di Genetica Applicata all’ Agricoltura, was founded in 
1947. Besides other original papers, various symposia (e.g. alfalfa breeding in Europe, 
polyploidy in plant breeding, induced mutations) are published in Genetica Agraria. 

The four parts of vol. 12, 1960 comprise 396 pages. The 24 articles are written in 
Italian or in English. 

Subscriptions L. 5,000; for other countries $ 8.5. 


Japan 


The Japanese Journal of Breeding dates back from 1951. Vol. 10 (1960) comprises 
276 pages with 34 articles (written in Japanese with summaries in English). 

In 1954 a separate number was published in English as annex to vol. 4 entitled 
“Studies on rice breeding” (323 pp.). 


The Netherlands 


Euphytica, Netherlands Journal of Plant Breeding, was founded in 1952 to give 
Dutch breeders and scientists an opportunity of publishing the results of their endea- 
vours in matters relating to the improvement of cultivated plants. Every issue contains 
also some articles written by foreign research workers. In Euphytica 9 (1960): 281-288, 
data have been published on the aims and the exploitation of this journal (4). 

The three parts of vol. 9 (1960) comprise 362 pages. The 41 articles of vol. 9 are 
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written in English. In general to the articles of Dutch research workers a summary in 
Dutch is added. 
Subscriptions 15 guilders ($ 4—). 


Poland 


Genetica Polonica, Polish Journal of Genetics and Plant Breeding, is published by 
Department V of the Polish Academy of Sciences, Institute of Plant Genetics, Poznan, 
Poland. This newly issued journal is published in English. The first volume (1, 1960) 
contains one number of 197 pages with 7 articles. 

Price-z1,22807 


Hodowla Roslin, Aklimatyzacja ì Nasiennictwo (Plant Breeding, Acclimatization 
and Seed Production), scientific publication of the Plant Breeding and Acclimatization 
Institute at Warszawa was founded in 1957. In 1959 appeared the six numbers of 
vol. 3; 804 pages with 42 articles in Polish. Most articles have a short summary in 
English and Russian. 


Portugal 


Melhoramento, Estudos de Estacâo de Melhoramento de Plantas, has appeared 
since 1948. Vol. 12 (1959) appeared in April 1961; it comprises 162 pages. The four 
articles in vol. 12 are written in Portuguese, with summaries in English, French or 
German. 


Sweden 


Sveriges Utsädesförenings tidskrift, Journal of the Swedish Seed Association, was 
founded in 1891. The six parts of vol. 70 (1960) comprise 393 pages. The 22 articles 
are written in Swedish, with summaries in English. In 1958 appeared the General 
Register V for vols 56 (1946) — 65 (1955). 

Subscriptions 5 Sw.Cr. (about $ 1—). 


Agri Hortigque Genetica, Reports from the Plant Breeding Institution Weibullsholm, 
has appeared since 1943. The four parts of vol. 18 (1960) comprise 240 pages. The 
18 articles of vol. 18 are written in English or in German. 

Subscriptions Kr. 13 (Bokhandelpriset Kr. 18). 


The Meddelande frân Gullâkers Vaxtförädlingsanstalt, Hammenhög, may be con- 
sidered as periodical issues. No. 1 appeared in 1944, no. 2 in 1945, no. 3/4 in 1949, 
while in 1959 no. 15 appeared. The latter publication comprises 13 articles and covers 
175 pages. The articles are largely in Swedish but have an English summary; some 
articles are written in English, with a Swedish summary. 


U.S.A. 


Crop Science is a new, bimonthly journal, alternating with Agronomy Journal. 
From the originally broad field of publication of Agronomy Journal, Crop Science 
takes over research in the genetics, physiology, ecology, breeding and management of 
agricultural crops, and in seed technology. It seems worth while for every institute or 
station of plant breeding to take out a subscription. Vol. 1 appears in 1961. 

Subscriptions: $ 12.— per year in U.S.A. and Canada; $ 13.— per year elsewhere. 
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Trud. priklad. Bot. Genet. Selekc (Bulletin of Applied Botany, Genetics and Plant 
Breeding) was founded in 1908 as Scientific Journal of the Bureau of applied Botany. 
Vol. 30 (1953-1957) comprises 753 pages with 41 articles; vol. 31 (1954-1958) 848 
pages with 73 articles, vol. 32 (1955-1960) comprises 944 pages with 76 articles. The 
articles are written in Russian, sporadically with a summary in English. 


GENERAL REMARKS ON THE PUBLISHING IN THE FIELD OF PLANT BREEDING 


From the foregoing it is apparent that special periodicals in the field of plant 
breeding were established in various countries. On closer examination of these 
journals there are so many differences as concerns crops, contents and language that a 
long article could be written about this subject. However, this would be going too far; 
I should like to comment on some general points only. 

Almost all of the periodicals mentioned are published on a national basis. This is 
understandable; however in case the language used is also the national tongue this 
may often cause great difficulties, even if a summary is added in a language which is 
more generally understood. The number of plant breeding journals on an international 
basis is still very small. 


It is conspicuous that there are many “international” journals in the field of 
genetics, e.g. Advances in Genetics, Annales de Génétique, Bibliographia Genetica, 
Canadian Journal of Genetics and Cytology, Cytologia, Chromosoma, Genetica, Genetical 
Research, Genetics, Hereditas, Heredity, Journal of Genetics, Journal of Heredity, 
Nucleus, Zeitschrift für Vererbungslehre. In my opinion the geneticists have set an 
example of organization for the research workers in plant breeding. 

Let it be recognized that also for new scientific periodicals in the field of plant 
breeding the foreign subscriptions should be the basis for exploitation. Large sums 
of money are put aside for research. For a small expenditure subscribers have an 
opportunity of becoming acquainted with the results of plant breeding research in 
various countries. 

In Germany, The Netherlands and a few other countries breeding research has 
become independent of the periodicals on genetics since special journals on plant 
breeding offer opportunity of publication. This has been a benefit to the standing of 
plant breeding as a separate branch of science. 

Many data are published in reports of congresses or symposia and in annual 
reports (e.g. Annual Report Plant Breeding Institute Cambridge, Report Scottish Plant 
Breeding Station, Report Welsh Plant Breeding Station). In many respects these reports 
can be compared with an issue of a periodical on plant breeding. Many data are 
published in them as separate articles. 

In previous articles it was pointed out that the time has come to discontinue 
publishing breeding research in general periodicals (agronomy, botany, etc.). Agri- 
cultural journals will need general articles, eg. on plant breeding, but articles on 
special subjects can better be brought to the attention of professional colleagues in 
special journals. These colleagues or the institutes and plant breeding stations where 
they are working will take a subscription to the special journal whereas it is highly 
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questionable whether the numerous general periodicals will remain within the daily 
reach of the scientific workers and plant breeders (3, 5). 

It is very important that Plant Breeding Abstracts does a lot of work in collecting 
world literature and in publishing abstracts in English. Of the 4,720 abstracts pu- 
blished in vol. 29 (1959) only 6.4 % are related to the above mentioned technical 
periodicals (Agronomy Journal included). For 4,550 abstracts in vol. 30 (1960) this 
percentage was 6.5. This proves the significance of Plant Breeding Abstracts as a 
journal of reference. 

The present article will be revised within some years. The writer will then gladly 
account for remarks or commentary which will be brought to his attention. This also 
holds for the survey of books in the field of general plant breeding (2). 


SAMENVATTING 


De vaktijdschriften op het gebied van veredelingsonderzoek in 1961 


De ontwikkeling van het veredelingsonderzoek had tot gevolg dat er behoefte ont- 
stond aan vaktijdschriften. In een aantal landen kwamen tijdschriften voor planten- 
veredeling tot stand. In landen, waar dat niet het geval is, blijft men gebruik maken 
van algemene en genetische tijdschriften, terwijl enkele artikelen geplaatst kunnen 
worden in buitenlandse vaktijdschriften voor plantenveredeling. Veel wordt ook nog 
gepubliceerd in jaarverslagen of in congresverslagen met geringe verbreiding. 

Het is te verwachten dat niet alleen meer en meer het veredelingsonderzoek in een 
vaktijdschrift gepubliceerd zal worden, doch ook in een voor een groot gedeelte van 
de wereld toegankelijke taal. Op deze wijze zal efficiente publikatie van het veredelings- 
onderzoek bevorderd kunnen worden. 

Schrijver geeft een overzicht van de 16 vaktijdschriften op het gebied van verede- 
lingsonderzoek en vestigt de aandacht op de betekenis van het refereertijdschrift 
Plant Breeding Abstracts. 
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INTRODUCTION 


Several years ago wheat became one of the best known plants from a cytogenetic 
point of view. Various studies, made possible by the allopolyploid nature of this 
plant, have brought a new and remarkable illustration of the chromosome theory of 
heredity, comparable with the classic studies of BLAKESLEE on the trisomics of Datura 
(1934). 

Furthermore, systematic and phylogenetic investigations have only revealed few 
divergences of opinion between the different schools which are concerned with this 
plant. 

The problems relative to introgression, as defined by E. ANDERSON (1947) from the 
point of view of botany and natural selection, have rarely been touched on in wheat. 

This paper is solely designed to show that wheat lends itself well to a discussion of 
the cytogenetic bases of introgression. Several questions will be asked with the aim 
of seeking to define the outlines of the problem in the case of wheat. And, in recalling 
briefly the present state of the cytogenetic work on this plant, we shall see that many of 
these investigations correspond in fact to a study of experimental introgression. 

When one speaks of experimentally introducing a new character a preliminary 
distinction must be made: Either the character is controlled by a new allele, but is 
concerned with an already existing locus, or one must introduce into the hereditary 
composition one or several new loci. 

This distinction appears to be fundamental. 


1. INTRODUCTION OF AN ALLELE ON AN ALREADY EXISTING LOCUS 


1) In this case an allele is introduced by the classical backcross method. Experience 
shows that it is thus possible to introduce the desired gene without subsidiary charac- 
ters: for example, by the third backcross, one can return practically to the initial 
variety, enriched only by the one factor from the donor variety. 

When this method is practised within the species Triticum vulgare, for example, can 
one speak of this as introgression? Undoubtedly not. 

2) If the same method is employed, for example, in selection from the cross 
T. vulgare x T.macha, this is a case of introgression. The primitive species 7. macha, 
hexaploid like the bread wheat, is easily associated with this latter. 

The problem which is thus posed is to know whether one can observe in the progeny 


1) Presented at a conference entitled “The role of introgressive hybridization in the evolution of 
crop plants and their wild relatives”, held at Versailles on 4th January, 1961, by the Section “Wild 
Species and Primitive Forms” of EUCARPIA (European Association for Research on Plant Breeding). 
President of the Section: Dr. J. G. HAwKES, Professor of Botany, University of Birmingham. 
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correlations between the characters of T. macha, invalidating the random distribution. 
We have as yet not enough data permitting us to analyse this problem. 

3) The introduction of new alleles on existing loci can be effected by means of 
erosses between species possessing different chromosome numbers. 

The strict homology is known of 2 of the 3 genomes ABD of 7. vulgare, with the 
tetraploid series of wheats (T. durum, T.persicum, etc.) which are of the AB type. The 
classic studies of the Americans, HAYES et al. (1920), have enabled this homology to 
be used for the introduction of resistance to Puccinia graminis, which was not known 
before in bread wheat. It does not seem, according to these authors, that the secondary 
characters derived from these 28-chromosome wheats have remained with resistance 
genes during the course of selection, however. ì 


IL. INTRODUCTION OF NEW LOCI 


All grades of difference are known in this sphere of wheat research, from the intro- 
duction of entire genomes by amphidiploidy, right down to the introduction of a small 
chromosome fragment. 


1) Addition of entire genomes 


It is possible to hybridize the genus Triticum with certain related genera, Aegilops, 
Secale and Agropyrum, or at least with certain species of these genera. 

In general, the amphidiploid is intermediate between the parents, in as far as 
concerns quantitative characters (e.g. 7. dicoccoides X Ae. ventricosa, SIMONET — 1957). 
One should not speak of dominance here but of a superposition of the given hereditary 
factors (epistasy, polymery, position effect) with the possibilities of transgressions such 
as the type of spikelet disarticulation in the hybrid mentioned above. 

Many investigators have tried to compare the amphidiploids which they obtained 
with already existing species and have then put forward hypotheses about the actual 
origin of these species (natural hybridization, followed by spontaneous duplication of 
the chromosome complement.) 

Example: according to MCFADDEN and SEARS (1946). 


T.dicoccoides X Ae. squarrosa — —> T.spelta 
AB D ABD 


and according to KIHARA and LILIENFELD (1949) 


T.persicum X Ae.squarrosa — —> T. vulgare 
AB D ABD 


It is true that these amphidiploids may simply represent “species copies”. 

SARKAR and STEBBINS (1956) have approached the problem in the reverse way: They 
looked for the natural origin of the B genome by ANDERSON’s method of extrapolated 
correlates. According to them, this genome, by the addition of which the 2n — 28 
species are derived from the 2n — 14 ones, is to be found in Ae. speltoides. 

It is possible to discover by the same method the “theoretical model” of Ae. squar- 
rosa, generally considered as being the origin of the D genome. 
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The method of extrapolated correlates is based here on the sole fact that the charac- 
ters of the amphidiploid are intermediate between those of the parents. Does this 
case therefore fall within the limits of the definition given by ANDERSON himself, who 
bases the correlations of characters on linkages, thus implying the pairing of homo- 
logous chromosomes? (E. ANDERSON: Introgressive hybridization). 


2) Addition of a pair of chromosomes 


Amphidiploids are rarely of use in practice, at least amongst cereals, because of the 
association between favourable and unfavourable characters and because of their 
reduced fertility. From this arose the idea of introducing only a single pair of chromo- 
somes from the donor variety in backecrossing the amphidiploid with the species to be 
improved. 

JENKINS (1956) in Canada and Rirey and CHAPMAN (1958) at Cambridge, have thus 
obtained addition lines of 7. vulgare with Secale cereale (dn — 14). There are seven 
different possibilities for one cross. Hype (1953) and SEARS (1953) have accomplished 
the same thing with Haynaldia villosa. 

Certain laboratories in France and England are carrying out similar studies with 
Aegilops ventricosa, Agropyrum intermedium etc…. which possess genomes different 
from those of wheat. 

If one takes the case of addition lines with rye for example, one can establish that 
certain characters of that cereal can be introduced by only one pair of chromosomes: 


chromosome I: hairy neck of spike 
chromosome IT: resistance to Puccinia glumarum 
chromosome HI: resistance to Erysiphe 


The measurable characters are generally dispersed in one part or in the whole 
of the addition lines (Rirery & CHAPMAN, 1958). On the whole, these lines are 
less stable and less fertile than the 42-chromosome wheats (doubtless for reasons of 
chromosome balance) but they are very similar to the stock wheat variety. And the 
connection between the different characters introduced by the additional chromosomes 
appears to be a basis for an interesting discussion on the problem of introgression 
from the point of view of the chromosome basis of heredity. 


3) Addition of a chromosome fragment 


Starting from these addition lines it has seemed wise to introduce into the genetic 
substratum of the receiving variety not the entire chromosome but only the useful 
part. 

Two ways are possible: 


Translocation 


It has been possible by the use of X-rays to break a portion of a particular chromo- 
some carrying a specific gene, and then transfer it to one of the chromosomes of a 
receiver species. (SEARS, 1956, with resistance of Ae. umbellulata to leaf rust). This 
method is open to both genetical and cytological confirmation, is elegant but difficult 
to use, and undoubtedly represents a typical case of experimental introgression. 
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Allosyndesis 


It is not uncommon to find pairing between non-homologous chromosomes in 
intergenerie hybrids. Such pairing has been used to obtain introgression by several 
investigators (Y. CAUDERON, 1958). 

In certain cases, where a new character has been introduced into wheat, this has 
been isolated by selection (without any cytological. control) and has resulted, for 
example, in normal 7. vulgare but with the black spike of Ae. ovata (COURTINE, un- 
published data). It is not possible to decide whether allosyndesis or spontaneous 
translocation is implicated here. 


4) Explanation of certain instances of allosyndesis 


The possibilities of pairing between non-homologous chromosomes signify an 
interesting discovery. 

SEARS (1954), followed by other cytologists, showed that in bread wheat (var. 
Chinese Spring), which is an allopolyploid with three genomes, the 7 chromosomes 
of each of these genomes are related. He has thus been able to designate them as 
follows: 

ATB DlieA2: B2eD2; mene AT B7- D% 

Wheat normally shows a regular diploid meiosis because of a diploidizing mecha- 
nism carried by the chromosome B5 which alone is responsible for this control. In 
the absence of this factor (for example in monosomy) allosyndesis becomes possible 
between the three pairs of group 1, or of group 2 etc. (OKAMOTO, 1957). 

The three pairs of chromosomes of each group are then much more similar than 
one had thought: they are called homceologous. It is probable, according to Rirey et al. 
(1959), that this homceology extends to the chromosomes of certain genera related to 
wheat viz. Secale and Aegilops. 

Natural selection would be the only factor that has played a role in the differentia- 
tion of certain of the genomes in this group of grasses, with the intervention of a 
mutation carried by chromosome BS5, which established a secondary barrier. 

These ideas have revived a particular interest in the study of the crosses wheat X rye 
and wheat X Aegilops, with the hope of a systematic exploitation of allosyndesis, as 
thus defined. 


CONCLUSION 


The distinction we made at the beginning of this study between the introduction 
of an allele on an existing locus or the introduction of a new locus is thus blurred. 
According to what we have just said, the second case could be united with the first, at 
least in as far as wheat is concerned. 

That aspect of the problem is an original contribution from wheat, an allopolyploid 
species, to the study of the passage of certain characters from one species to another. 

It appears likely that these cases of homceology may be more frequent in the plant 
kingdom than had been believed, and may perhaps also extend to the animal kingdom. 
Homeceology can also concern not only entire chromosomes but segments of chromo- 
somes, as has been shown notably in Drosophila. 

Finally, empirically or in a controlled manner, there are many ways of intro- 
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ducing a new character into wheat. The breeders have recourse to all these methods. 
Nature herself, through the ages, has also possibly used various ways. 


In other respects, to what extent does the introduction of one factor genetically 


necessitate the introduction of a certain number of others? No clear answer can be 
given to this question. In studying introgression in plants such as wheat, in its experi- 
mental as well as in its evolutionary aspect, the cytogenetical bases established above 
must always be kept in mind. 
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ABSTRACT 


Selection for higher and lower levels of protein and oil content in maize has been 
conducted for 61 generations. Response to selection has been irregular, and prediction 
of response by extrapolation of regression trend lines proved seriously inaccurate in at 
least 9 of 12 predictions. Application of a “selection response” formula also yielded 
generally unsatisfactory predictions. Analysis of the morphological components of oil 
content led to very accurate prediction of response in the “High Oil” strain and to a 
reasonably satisfactory prediction in “Low Oil”. It was apparent that in the last 55 
generations of selection, selection response for oil content was concentrated in two 
separate morphological characters — germ size in the “high” selection and oil content 
of the germ in selection for lower oil content. A satisfactory analysis of the character 
“protein content” could not be made from data available. 


1. INTRODUCTION 


Predictable response to planned selection is considered the basic requirement of a 
scientific plant breeding program. If response is not predictable to a significant degree, 
success in a breeding program depends to a disproportionate extent on chance or 
on application of “breeder’s art”. While the latter capacity is always valuable in 
breeding, it cannot be considered an efficient basis for attaining desired objectives in 
complex selection programs. | 

Modern literature in breeding and selection theory contains many references to 
purely theoretical expectations, or to predictions based on short-term actual ex- 
perience. Rarely are sufficient longterm breeding data made available to provide 
satisfactory tests of the agreement between predicted and actual responses to selection. 
Evaluations of incorrect predictions are even more rarely presented, yet the success of 
future work rests to a great extent on correct appraisal of the validity of prediction 
methods employed. 

The data from 61 consecutive generations of selection for chemical composition in 
maize, recently presented by LENG (7), provide unique material for evaluating the 
agreement between predicted and actual response to selection. This experiment is 
the only case on record in a major economic plant species in which selection for 
quantitative characters has been conducted at a fixed selection intensity, with the 
responses accurately recorded, for a large number of consecutive generations. 


1) Prepared as part of a research project while the author was a Fulbright senior research fellow at 
the Max-Planck-Institut für Züchtungsforschung, Köln-Vogelsang, Germany, March-July, 1961. 
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Evaluation of predicted and actual responses in this material is especially interesting 
because at three stages of the experiment, predictions of future response actually were 
made. These were by East (3) after 10 generations, WINTER (10) after 28 generations, 
and WOODWORTH ef al. (11) after 50 generations of selection. 

Major discrepancies between predicted and actual response occurred much more 
frequently than did close agreement between the predictions and the observed results. 
The problems arising from this situation are of fundamental importance in the eval- 
uation of plant breeding systems. 


2. MATERIALS AND METHODS 


Selection for both higher and lower levels of oil and protein content in maize was 
begun by HoPkINS (6) in 1896. Data were recorded as percentage of total protein or 
oil in the whole grain, on a water-free basis. With minor exceptions in the first 9 gene- 
rations, 20 percent. of the analyzed ears in each strain were selected to provide seed 
for the next generation. The size of the analyzed populations was 120 ears per strain 
from the early generations until the 28th generation; thereafter, 60 ears per strain were 
analyzed. The “ear-to-row”’ system of breeding was followed for the first 28 gene- 
rations; a system of intra-strain reciprocal crossing, with selection based on individual 
phenotypes, has been followed since the 29th generation. Details of breeding methods, 
chemical analyses, estimated inbreeding levels, and response trends have recently 
been presented in another paper (7). 

EAsT (3) fitted curves to the data presented by SMITH (9) on the results of the first 
10 generations of selection. WINTER (10), studying changes in means and variability 
during the first 28 generations, predicted future responses by extrapolating trend 
lines fitted to the more recent generations of selection. In a similar manner, Woop- 
WORTH et al. (11) made general predictions of response after the 50th generation of 
selection. 

For the present paper, comparisons of predicted and actual responses to selection 
have been made for three types of prediction, each of which will be discussed sep- 
arately: 


(1). Predictions by previous workers, made by extrapolation of regression lines. 
(2). Computation of expected progress by a “selection response” formula. 
(3). Prediction after subdivision of characters into components. 


3. PREVIOUS PREDICTIONS 


The curves fitted by EAsT (3) indicated rapid response in all four selected strains 
during early generations of selection, followed by a decreasing rate of progress. This 
led EasT to the conclusion that phenotypic levels in all four strains would rapidly 
become stabilized. WINTER (10) pointed out that the actual results in all strains 
except “Low Protein” were quite different, since significant further responses were 
obtained in “High Protein”, “High Oil”, and “Low Oil” between the 10th and the 
28th generations of selection. In fact, response in “High Oil” was greater after the 
10th generation than before. The “Low Protein” strain, WINTER pointed out, showed 
little change in protein content between the 7th and 28th generations of selection. 
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WINTER suggested that there was no significant difference between the protein content 
of the “source ear” in the original population and the mean protein content of the 
strain after 28 generations of selection. Therefore, of EAsT’s four predictions, three 
were proven incorrect and only one was substantiated by actual responses during the 
succeeding 18 generations of selection. 

WINTER considered that continued rapid response to selection was likely in the 
“High Protein” and “High Oil” strains. Pointing out an apparent physiological limit 
to response in “Low Oil” imposed by a relation between germ size and oil content, he 
concluded that further response to selection in this strain was approaching a limit. 
Since “Low Protein” had shown no response to selection for more than 20 generations, 
further response in this strain appeared unlikely. 

Studies of response during 50 generations of selection by WoODwORTH et al. (11) 
indicated that at least two of the four predictions by WINTER were incorrect. In the 
“High Oil” strain, response followed the expected upward trend. The response of 
“Low Oil” was evaluated as indicating little progress between the 30th and 50th 
generations of selection, thus apparently substantiating the prediction of WINTER 
that a selection limit had been reached in this strain. Examination of the data for 
these generations indicates that this conclusion may not have been justified, since the 
mean oil content of “Low Oil” declined from about 1.4 percent. in the 30th generation 
to about 1.0 percent. in the 50th generation of selection. In the two “protein” strains 
completely unexpected results were obtained. The “High Protein” strain, after nearly 
40 generations of apparently consistent response to selection, suddenly ceased to 
increase in mean protein content. In fact, response between the 38th and 50th gene- 
rations appeared to be in the direction opposite to that for which selection was 
exercised. The “Low Protein” strain, previously non-responsive to many generations 
of selection, showed rapid and relatively consistent response from the 26th to the 
50th generation. 

WoopwokrTH et al. therefore suggested that further response could be expected in 
“High Oil” and “Low Protein”, but not in the “High Protein” and “Low Oil” strains. 
The previous close fit of the “High Oil” response data to a linear regression function 
indicated that oil content in this strain could be expected to increase at a rate of about 
„18 percent. per generation of selection. An expected decrease of about .07 percent. _ 
protein per generation was indicated in “Low Protein”. 

Table 1 compares the approximate expected levels of chemical composition, pre- 
dicted from the WOODpwoORTH et al. evaluation of the 50-generation data, with the 
actual levels obtained in the 59th, 60th and 61st generations of selection. None of the - 
four strains has responded in the expected manner. Response of the “Low Protein” and 
“High Oil” strains has been significantly less than expected, while both “High Protein” 
and “Low Oil” have shown significant responses where no response was anticipated. 
Thus, each of the four predictions made after 50 generations of selection was found — 
to be incorrect when the next 10 generations of selection actually were carried out. | 

Thus, a total of 12 predictions were made by extrapolation of response trend lines. 
Of these, only two or possibly three were substantiated by actual response at the next | 
evaluation. None of the four selected strains was. considered to have shown consistently 
predicatable response over the entire period of selection. 
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TABLE |. PREDICTED AND ACTUAL RESPONSES TO SELECTION FOR PROTEIN AND OIL CONTENT IN MAIZE, 
BETWEEN SST AND 60TH GENERATIONS 


Mean % Selection response, 
Selected protein or oil Slst-60th generation 
strain ENT hs e 
Predicted Actual Predicted Actual Difference 
High Protein 19.50 22.84 0 + 3.34 GEGE 
Low Protein 4,45 4.96 — 70 — 19 elke 
High Oil 16.10 14.83 1.80 + .53 E27 E 
Low Oil 1.00 NI (0) 23 Djek 


T — Means of 59th, 60th and 61st generations of selection 
*%*_ Highly significant 


4. COMPUTED SELECTION RESPONSE PER DECADE 


FALCONER (4) has given formulae for computing expected selection responses from 
heritability estimates, selection intensity constants, and the phenotypic standard 
deviations of the character under selection. The most useful formula for this purpose 
is considered to be: 


R == ioh® 
where 
R — expected response per generation 
i — selection intensity (1.4 throughout in this study) 
5 — standard deviation of the character mean 


h? — estimated heritability 


FALCONER has pointed out that, strictly speaking, response to selection is predictable 
only from one generation to the next immediately following, since heritability is 
expected to change under selection, and since the variance may also change. Obvious- 
ly, such predictions would be of little practical use in a planned breeding program, 
even if highly accurate. The anticipated usefulness of such a formula stems, according 
to FALCONER, from the assumption that selection response will be constant over a 
period of 5 to 10 generations. 

Following this reasoning, selection responses were computed by the above formula 
for each decade (10 consecutive generations) of selection for chemical composition. 
The estimates of response for the first decade of selection were made from data ob- 
tained in the first two generations of selection, except in the “Low Oil” strain, where 
the first three generations were used because of an inconsistently extreme response in 
the second generation. The selection intensity remained constant throughout the 
entire experiment. Phenotypic standard deviations for each generation of each strain 
were available from previous computations (10, 11). Difficulty was encountered in 
obtaining valid estimates of heritability. As a result, “realized heritabilities’” were 


used, as computed from the formula 
R 
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where h* — realized heritability 
R — response per generation of selection 
S — selection differential 


The resultant values of h? were substituted in the selection response formula to 
obtain predicted average responses per generation for the next decade of selection. 
The “realized heritability” values thus employed were in general much lower than the 
estimates of heritability for oil content in maize, given by ALEXANDER (1) and CROW- 
LEY (2) as being in the range 50 to 75 percent. 


al 10) hi 
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Generations of selection 
FIG. 1. RESPONSE IN “HIGH PROTEIN’ 

FIGURES 1-4. ACTUAL RESPONSES TO SELECTION FOR CHEMICAL COMPOSITION COMPARED WITH RES- 
PONSES PREDICTED FROM SELECTION RESPONSE FORMULA. Solid line — actual response; 
broken line — prediction for 10 generations; dotted line — extrapolated predictions 
after 10th, 30th and 50th generations. 
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Fig. 2. RESPONSE IN “LOW PROTEIN’ 


Actual and predicted responses in the four selected strains are compared graphically 
in Figures 1, 2, 3 and 4. In plotting the actual responses, extreme fluctuations attrib- 
utable to very unusual seasonal conditions have been eliminated, and the pheno- 
typic levels are shown as means of three generations at the end of each decade of 
selection. Predictions after the 10th, 30th and 50th generations of selection were 
extrapolated to facilitate comparisons with the predictions actually made by EAsT (3), 
WINTER (10), and WoopwoRTH et al. (11). 

Predictions in the “High Protein” strain were significantly incorrect in every decade, 
and showed no consistent direction of error. Extrapolation of the predictions would 
have led to major under-estimates of future response if made at the beginning of the 
experiment, or after the 40th or 50th generations, and to very large over-estimates 
after the 10th or 30th generations of selection. A reasonably close agreement with 
actual response in the 40th to 60th generations of selection could have been obtained 
only from extrapolation of predicted response after the 20th generation of selection, 
and this extrapolation did not fit the actual response between the 20th and 40th 
generations. 

Major over-estimates of response in four of six computations resulted when the 
selection response formula was applied to the “Low Protein” data. Especially serious 
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Fia. 3. RESPONSE IN “HIGH OIL’ 


over-estimates of response were made from the data obtained in the early generations 
of selection (Figure 2). The predicted response after 20 generations of selection proved 
to be significantly under-estimated, and only the prediction after 30 generations of 
selection was in close agreement with the actual response to subsequent selection. It is 
interesting to note in this connection that the estimate made by WINTER (10) after 
28 generations of selection predicted no further progress in this strain, while the 
“selection response” formula, as applied here, closely reflected the response which 
was subsequently observed. 

Agreement between predicted and actual responses to selection was better in the 
“High Oil” strain than in the other material. Significant over-estimates of response 
were made from the data after 10, 30 and 40 generations of selection, while the esti- 
mates based on the beginning of the experiment, and the second and fifth decades of 
selection, were reasonably accurate. The predictions based on the first and fourth 
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FIG. 4. RESPONSE IN “LOW OIL” 


decades of selection were the least accurate, and also agreed the least with predictions 
made by the other methods discussed in this paper. 

All predictions made from the selection response formula in the “Low Oil” strain, 
except that after 40 generations of selection, were found to be serious over-estimates 
when compared with the actual responses to selection. All of the predictions based on 
the first three decades of selection indicated a rate of response which, if extrapolated, 
would have caused the mean oil content in this strain to reach the level of zero within 
the subsequent 10 to 20 generations of selection. The response predicted after the 
40th generation was significantly underestimated, as compared with actual responses 
during each of the next two decades of selection. Thus, none of the six predictions 
made in this strain showed even reasonably close agreement with the actual responses. 

Of a total of 24 predictions made by application of the formula, 14 were significant 
overestimates, 5 were significant underestimates, and 5 were reasonably accurate when 
compared with actual responses. Only in the “High Oil” strain was more than one of 
the six possible predictions found to be accurate. Had the higher heritability estimates 
for oil content, reported by other workers, been used instead of the “realized herita- 
bility” values, all of the predictions in “High Oil” would have been gross overesti- 
mates. It appears that the retention of variability under selection (discussed more fully 
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by LENG, 7) led in this material to standard deviation values which indicated a higher 
potential for response than actually was present. Also, in all strains except “High 
Oil’, the estimates of realized heritability apparently gave unsatisfactory bases for 
the computation of future selection response. As a general conclusion, it appears 
unlikely that direct application of the selection response formula employed here will 
lead to useful predictions of response over even as many as 10 generations of se- 
lection. It also appears to give no satisfactory basis for predicting selection limits, even 
when applied after many generations of selection. 


5. PREDICTIONS BASED ON COMPONENT ANALYSIS 


It has previously been shown (7, 8) that subdivision of the character “oil content” 
into its two major components is helpful in interpreting apparent inconsistencies in 
response to selection in the two “oil” strains. Although the available data are not 
extensive, they appear also to be of interest in connection with problems of response 
prediction discussed in this paper. 

Determinations of the two major components of oil content in maize grain — germ 
size and oil percentage in the germ — were made at the beginning of the selection 
experiment by HOPKINS (5) and again after the 6th and 40th generations of selection. 
For purposes of the present study, changes in these components between the 6th and 
40th generations of selection were used to compute an average rate of response per 
generation. The amount of oil found in parts of the kernel outside the germ were 
estimated from the 40th generation data. Total oil content in the 60th generation was 
then predicted from the computed response rates of the two components and the 
estimated amount of oil outside the germ. The data and method of calculating pre- 
dicted response are shown in Table 2; Table 3 compares the predictions made by this 
method with those made from the “selection response” formula after the 40th gene- 
ration of selection, and with the mean oil percentages actually obtained in the 59th, 
60th and 6lst generations of selection. 


TABLE 2. COMPUTATION OF PREDICTED OIL CONTENT IN 6OTH GENERATION FROM RESPONSE TRENDS OF 
MAJOR PHENOTYPIC COMPONENTS 


| nd Observed responses Predided 
Character 6th | 40th Change per er 
\__generation generation generation EE 
| “High Oil” 
% oil in germ 42.0 47.0 15 50.0 
Germ size, % | 14.0 2185 ID) | 26.0 
Product, % x size | 5.9 10.1 _ | 13.0 
Oil outside germ, % | 5) 1.9 | == | 1.9 
Total oil % in grain 6.5 12.0 — 14.9 
| Low Oil” | 
°% oil in germ 30.0 15.0 ‚44 / 6.2 
Germ size, % | 8.0 | TS | „Ol 8 
Prodüctm size | 2.4 | Wil — 45 
Oil outside germ, % | ‚6 | 2 | - „20 
Total oil % in grain | 3.0 1,3 | = ‚65 
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TABLE 3. PREDICTED AND ACTUAL SELECTION RESPONSES IN ““HIGH OIL’ AND “LOW OIL”, 4OTH TO 60TH 


GENERATION 
Predicted % oil 
Sen = Actual oil %, 
“Selection | “Component generations 59-60-61 
response” | analysis’ 
“High Oil” | le 14.9 14.8 
“Low Oil” 1.20 | (0) „di 


In the “High Oil” strain, total oil content after 60 generations was predicted almost 
exactly from the component data available in the 40th generation of selection, while 
the selection response formula produced a marked overestimate of response. Response 
to selection in “Low Oil” was slightly overestimated by the component analysis, but 
seriously underestimated by the “selection response” formula prediction. 

From the limited comparisons possible, it is clear that more accurate predictions 
of selection response in both “oil” strains could be made by analysis of phenotypic 
components than from treatment of the character “oil content” as a single entity. 
The component analysis is especially useful in attempts to predict selection limits in 
these strains, since it reveals that the last 40 to 50 generations of selection for “oil 
content” actually has been effective primarily only in the germ size component in 
“High Oil” and almost exclusively in the oil content of germ component in the “Low 
Oil” strain. The possibilities of predicting future response and selection limits in this 
material will be discussed further below. 

As yet, no satisfactory basis has been found for a phenotypic analysis of the charac- 
ter “protein content”. Thus, no logical basis is apparent for improving predictability 
of response or selection limits in the “protein” strains. 


6. DISCUSSION AND FURTHER PREDICTIONS 


Experience over 60 generations of selection for chemical composition in this mate- 
rial makes it clear that meaningful predictions of response rates and selection limits 
can be made only if a biologically-sound analysis of the character under selection is 
possible. Simple extrapolation of regression trend lines for the phenotypic mean 
values, or computations involving heritability estimates and variance data, did not 
yield satisfactory predictions of response in these complex characters. 

Thus, as pointed out above, there appears to be no suitable basis for predicting 
future response to selection in the “High Protein” and ‘““Low Protein” strains. Past 
experience suggests in general that response in these strains, especially in “High 
Protein”, is likely to be erratic. To date, there is no indication that a selection limit has 
been reached in either strain, and no satisfactory evidence for estimating the level of 
protein content at which a selection limit might be expected. 

In the “High Oil” strain, response in the oil content of germ component was relatively 
minor between the 6th and 40th generations of selection. The slow rate of response 
in this component, after initially rather rapid response, and comparison with oil con- 
tent found in highly-selected oil-seed species such as the sunflower, soybeans, and 
others, indicates a probable selection limit in this component may be reached in the 
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vicinity of 50 percent. The germ size component in this strain has continued to 
respond to selection for total oil content, at a rate of about .2 percent. per generation. 
Germ size may be affected by changes in absolute size of the germ itself, or by changes 
in the germ-endosperm size relation. Thus, there appears to be considerable latitude 
for response in this component. At the present rate of response, even assuming that 
oil content outside the germ does not increase further, and that oil content of the 
germ becomes stabilized at about 50 percent, a further increase in oil content at a 
rate of about 1.0 percent. per 10 generations of selection may be anticipated. A 
selection limit for total oil content is not likely to be reached until the genetic varia- 
bility for the germ-endosperm ratio is exhausted. Fragmentary evidence (unpublished) 
suggests that such a limit probably will lie above 25 percent. total oil content. 

For all practical purposes, a selection limit in the germ size component was reached 
in the “Low Oil” strain in the first six generations of selection, at a level between 
7.0 and 7.5 percent. germ, by weight. Virtually all subsequent response to selection in 
this strain has been in the component oil content of germ, which decreased at a rate of 
approximately .4 percent. per year for more than 40 generations. Oil outside the germ 
has been at a very low level for many generations. A selection limit in total oil content 
of “Low Oil” apparently will be reached when the lowest possible level of oil content 
in the germ is attained. Present evidence suggests that maize embryos can remain 
viable when the oil content of the germ is in the range 4 to 5 percent. Thus, the selection 
limit for total oil content in this strain can be expected to be at least as low as .4 or 
‚5 percent. Sufficient genetic variability appears to remain in the “Low Oil” breeding 
stock (7) to permit such a response to further selection. Even at the present rate of 
response, 10 to 20 more years of selection appear necessary before such a limit can be 
anticipated. 
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ABSTRACT 


About 25,000 M, and Ms3 seedlings of the bread wheat variety C. 591 were tested 
for resistance to 3 races of stem rust. A mutant with resistance to race 40 of stem rust 
was found in a family derived from treatment with 16,000r of X-rays. No other mutant 
was found. Albina seedlings were found to be totally free of rust infection. From the 
present study it seems that mutations for rust resistance can be induced in bread 
wheat by ionizing radiations but the frequency of such mutations appears to be very 
low. 


INTRODUCTION 


Starting from the early work of FREISLEBEN and LEIN (1942) on the induction of 
resistance to mildew caused by Erysiphe graminis in barley, several workers have 
reported results which suggest that mutations induced by radiation might constitute a 
new and valuable source of disease resistance in crop plants (BANDLOW, 1951, FREY, 
1955, KONZAK, 1956, HÄNSEL and ZAKOVSKY 1956, MYERS et al, 1956, SCHOLZ, 
1957, NOveR and BANDLOW, 1958, STUBBE, 1958). Using the induced mutants in 
barley, NOver (1957) differentiated new mildew races. KONZAK (1956) proposed that 
in the case of highly species-specific parasites, the intimate relationship between 
the host and the pathogen could be upset by a mutation affecting some important 
biochemical pathway concerned with their association. 

The work of Kerrr and Boone (1956) with induced mutations in Venturia inequalis, 
the organism which causes scab on apples, supports this hypothesis. More recently, 
however, CALDECOTT et al (1959) have shown that many rust resistant mutants isolated 
in wheat and oats by several workers could have arisen through cross-pollination with 
resistant genotypes, cross-pollination being both possible and predominant in the 
normally self-pollinated cereals owing to the incidence of varying degrees of pollen 
sterility in the irradiated generations. DAVvIES and WALL (1958) also obtained com- 
pletely negative results in their attempts to induce mildew resistance in barley. COOPER 
and GREGORY (1960), KONZAK (1959) and BIRNIE (1960) have, however, shown that 
not all the resistant plants found in the progenies of irradiated material can be dis- 
missed as field hybrids and that genuine mutations conferring resistance to a specific 
race of a pathogen in a susceptible strain can be induced by radiation. In a detailed 
study of induced resistance to mildew in barley, FAvRET (1960) observed that mutations 
for resistance occur in material treated with y-rays and that mildew and chlorophyll 
mutations show a different dose relationship. 

Resistance to rusts (Puccinia species) in bread wheat (Triticum aestivun L) has a 
complex genetic basis. In the same cross, the number of genes involved with regard to 
rust reaction varies with the physiologic race used in the study. Also, in some crosses, 
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resistance is dominant while in others it is recessive (PAL and SiKKA, 1956). For 
example, in the cross C. 591 x N.P. 790 (two popular wheat varieties of India), a 
ratio of 3 susceptible: 1 resistant was observed in the F} generation by MEHTA (1957) 
in the case of race 15 of Puccinia graminis var. tritici; while using the same parents but 
race 75, SIKKA, MAKHIJA and Rao (1960) found a ratio of 15 resistant: 1 susceptible. 
Though the segregation ratios and the dominance relationship thus vary with the 
parents and races, the total number of genes involved in the rust reaction does not 
appear to be large (KNorr, 1959). This is despite the fact that varieties having as 
diverse origins as possible were selected for study. 

In order to test the possibility of artificially inducing resistance to rust in a suscept- 
ible variety and to ascertain whether the dominance of recessiveness of the resistant 
reaction influences in any way the observed result, we screened M, and M3 progenies 
of the bread wheat variety C. 591 treated with different mutagens for resistance to 
races 21, 40 and 42 of stem rust. C. 591 is a fully awned spring wheat characterised by 
a good quality of grain but high susceptibility to rusts. The genetic data of SEN and 
Josmi (1955) and SiKKA et al (1960) suggest that in crosses between C. 591 and a 
resistant parent, monogenic inheritance with susceptibility being dominant occurs 
with regard to races 21 and 42 of stem rust, while monogenic inheritance with resist- 
ance being dominant is found with race 40. 


MATERIAL AND METHODS 


Seeds were collected from M, plants belonging to the following treatments: 11,000r 
and 16,000r of X-rays; fast neutrons given for 3.5 and 6 hours at a flux of 10°N/cm?/ 
Sec; thermal neutrons given for 41.4 minutes at a flux of 8 x 10°N/em?/Sec and P22 
applied to pots at the rate of 25 and 50 ge per plant. Each plant progeny was carried 
forward separately and the seedlings intended for testing for reaction to rust were 
grown in a glasshouse. Pure inoculum of races 21, 40 and 42 of stem rust was obtained 
from the Division of Mycology and Plant Pathology of this Institute. Strict isolation 
was maintained inside the glasshouse and the inoculation was carried out in 7 day-old 
seedlings under conditions ideal for infection. Individual plant progenies of control 
C. 591 were also included in the testing programme. Scoring of rust reactions was 
done according to the procedure of STAKMAN and HARRAR (1957). 


EXPERIMENTAL RESULTS AND DISCUSSION 


In the M, population tested, no seedling with a reaction different to that shown by 
the Control was observed (Table I). Some of the progenies of treated plants segregated 
for albinas. No infection was observed in the albina mutants, though repeated inocu- 
lations were carried out and the albinas survived for a period longer than the incu- 
bation time required by the pathogen (i.e, about 10 days after inoculation). KATSUYA 
(1959) has reported earlier that albina mutants of T. monococcum are immune to both 
Puccinia graminis var. tritici and P. triticina. 

Observations for rust infection were also made in the field in the adult plant stage. 
Some Ms; plants belonging to families treated with 16,000r of X-rays seemed to be 
fairly free of rust infection. Five such plants were bagged and seeds were collected 
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TABLE 1. REACTION TO STEM RUST IN IRRADIATED PROGENIES OF C. 591 


No. tested No. of Families resistant to race 
Treatment Generation — ——— — — — 

Families | Seedlings 21 40 42 

Cono Se — | 22 |__2007 0 0 0 
EMS) eee ven dn M, | 19 4318 0 — 0) 
CLONE) ere er ve 7 Ms; 5 1500 — l — 
Whermalmeutrons... > > M, 22 | 4938 0 — 0 
Fast neutrons (3 doses) . . M; | 5 10,986 0 — 0 
DEN) Ni EEE M; 16 | 700 0 0 
BSNSONLEN Manro | M; 16 | 800 0) — 0 
Albina mutants .....| M, | Anet 47 ze | 4 4 


from each of them separately. The M; progenies raised from them were tested in a 
greenhouse for resistance in the seedling stage to races 15c, 24 and 40 of stem rust. It 
was found that one family was immune to race 40 (O type of infection). About 100 
plants of each of these families had been raised in the field. The plants belonging to the 
resistant family were uniform in morphological characters and resembled the parent 
strain in all respects except in the colour of glumes and rust resistance. The close 
similarity between the mutant and the parent variety in plant habit, maturity, grain 
quality, and ear and awn characters as well as its true breeding nature indicate that it 
could not have arisen through chance out-crossing. This mutant had brown glumes in 
contrast to the white glumes of the parent strain but in the variety C. 591 mutations 
for glume colour not associated with rust resistance have been found in several treat- 
ments both during the present study and earlier (SWAMINATHAN and NATARAJAN, 
1959). This mutant will be tested during the coming year for resistance to more races 
of stem and brown rusts both in the seedling and adult plant stages, since it shows a 
remarkable degree of freedom from rust infection in the field. 

The susceptibility of C. 591 to race 40 of stem rust appears as a recessive character 
in crosses with resistant varieties. The mutation conferring resistance should hence 
be technically regarded as belonging to the rare class of dominant mutations. In 
bread wheat, however, it is difficult to establish dominance relationships for many 
loci accurately, in view of the various forms of interaction among genes on homoeolo- 
gous chromosomes and the presence of many loci with epistatic activity. Also, some 
loei such as the “Sphaerococcum’”’ locus on chromosome 3D do not have any effect 
in a hemizygous state (SEARS, 1947). It would hence be premature to classify the 
mutant as a dominant one. CALDECOTT et al (1959) have already shown that mutations 
for stem rust resistance in species of Avena and Triticum are rare in radiation experi- 
ments and that the high frequency of mutations reported by KONZAK (1956) is not 
realised when the M, plants are grown in isolation. KoNZAK (1959) as well as COOPER 
and GREGORY (1960) have, however, found in carefully planned experiments that 
mutations for disease resistance do occur in irradiated material but at a very low 
frequency. The results of the present study as well as those by BiRNIE (1960) would 
support this view. The genetic basis of resistance to a particular race, i.e., whether a 
single gene or more than one gene are involved, would condition both the frequency 
of occurrence of a mutation as well as the generation in which it is most likely to be 
found. 
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REVIEWS OF BOOKS 


Agricultural and horticultural seeds. Their production, control and distribu- 
tion. FAO, Rome. Nr. 55, 1961, 531 pp. 


In the chapters of part one (p. 1-177) general problems are treated viz. breeding, 
evaluation and choice of varieties, ecology, agronomy (M. D. KERNICK), control of 
seed quality, promotion of the use of good seed (A. KJAER) and seed distribution 
(J.J. pe JONG). 

Part two (p. 181-516) by M. D. KeRNicK deals with seed production of the well- 
known agricultural and horticultural crops. 

The bibliography contains many references. 

This book prepared by the Crop Production and Improvement Branch of the Plant 
Production and Protection Division of FAO is a valuable contribution to the World 


Seed Year 1961. 
383 


REVIEWS OF BOOKS 


Rense, E., Grundzüge der Organisation der Pflanzenzüchtung und des Saatgut- 
wesens in den Niederlanden. Verlag Paul Parey, Hamburg und Berlin. Schriften- 
reihe des Landwirtschaftliche Fakultät der Universität Kiel 29 (1961) 63 pp. 


The author describes the main outlines of the organization of plant breeding in the 
Netherlands. The significance of plant breeding in the Netherlands, the organization 
of the breeders, extension in behalf of the breeders, the plant breeder’s right, the 
research on varieties, the inspection of crops and seed production both in agriculture 
and horticulture are passed in review. The co-ordination of research on plant breeding 
is discussed. 

The writer has succeeded in composing a well-balanced survey of his study tour 
through the Netherlands. It is also interesting and valuable for Dutch research 
workers and breeders. 


Seeds. The Yearbook of Agriculture. Superintendent of Documents, the United 
States Department of Agriculture, Washington, D.C. 1961, 591 pp. $2—. 


This Yearbook of Agriculture can be regarded as a contribution of the United 
States and the Department of Agriculture to World Seed Year. It contains 76 articles 
on the importance, the life processes, the production, the processing, the certification, 
the testing and the marketing of seeds. 

“Seeds” is very attractive and welcome to plant breeders. 


Sortenratgeber Gräser und Kleearten. D.L.G.-Verlag, Frankfurt am Main. 1961. 
75 pp. 6.20 DM. 


In this booklet details are given about the varieties of grasses and clovers which are 
of interest to German farmers. 

Each species is described while descriptions of varieties as to agricultural properties 
are added. The descriptions are also presented in a tabulated form. 

Finally a list of addresses of breeders is given. 


THORNe, G., Principles of nematology. McGraw-Hill Book Company, Inc. Lon- 
don. 1961, 553 pp. Price £ 5 16s 6d. 


The text stresses the importance of nematodes in our present agricultural economy 
and cites examples of crop losses caused by the plant parasitic nature of many species. 
Information is given on the life history, hosts, distribution and control of each 
species. Techniques used in field and laboratory work are discussed. The publication 
is richly illustrated. 


Tuinbouwkundig Woordenboek in 8 talen. Onder redactie van J. NiJDAM. 
Staatsuitgeverijbedrijf, s-Gravenhage, 504 blz, f 8,95. 


This horticultural dictionary in eight languages comprises some 4,000 words in 
Dutch with equivalents in English, French, German, Danish, Swedish, Spanish. In 
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addition the latin names of plants, animals and plant diseases have been included. 
Through alphabetical registers in each of these languages it is easy to find the trans- 
lation of the words in other languages. The lay-out is attractive. 


World List of Plant Breeders. Compiled by Y. T. Mao. F.A.O., Rome. 1961, 
195 pp. 


This publication is divided into two parts. Part I is a revised edition of two earlier 
FAO publications, namely, the “List of Plant Breeders in Canada and the United 
States (1949) and the “World List of Plant Breeders (1952)”’. Part II lists the forest 
tree breeders of the world. 

Both parts are subdivided into three sections. 1. An alphabetical list of plant 
breeders with their addresses, the species of plants on which they work and the lines 
of research as indicated by the code numbers. 2. A list of the stations in order of 
countries. 3. An alphabetical list of plants with the names of the breeders working 
on them. 

This publication is very welcome to plant breeders and a useful source of infor- 
mation. 


NEWS ITEMS 


Dr. Ir. E. vAN Roon, formerly working at the 
Research and Advisory Institute for Field Crop 
and Grassland Husbandry, Wageningen, joined 
the staff of the Foundation for Agricultural 
Plant Breeding, Wageningen. He will be in 
charge of research on the breeding of fibre flax 
and oil seeds (rape, poppy, linseed). 


Dr. J. SNeep, Director of the Experiment 


Station for Vegetable Growing in the open, 
Alkmaar, has been appointed Professor of Plant 
Breeding at the Agricultural University, Wage- 
ningen from 19 September 1961. The lectures to 
students are now given by Prof. Dr. SNeeP while 
he will take over the directorate of the Institute 
of Agricultural Plant Breeding from Prof. Dr. 
J. C. Dorsr at the end of the academical year 
1961/62. 


Prof. Dr. J. SNEEP 
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EUCARPIA (European Association for Research on Plant Breeding) 


THIRD MEETING OF THE INTERNATIONAL WORKING GROUP FOR ASPARAGUS BREEDING 

After meeting at Wageningen, Holland, in 1959 and at Hannover, W. Germany, in 1960, this time 
the group came together at Spangsbjerg, Denmark. 

As is becoming a tradition in the Horticultural Section of Eucarpia the meeting was organised by 
a research station, in this case by the Statens Forsogsstation at Spangsbjerg/Esbjerg. The director and 
staff of this station have succeeded in making the meeting a pleasant and useful experience to the 
participants. Thirty-five persons from eight European countries took part in the conference. 

September 5 and 6 were devoted to lectures and discussions. On the 7th September an excursion 
was made to the island of Fyn, where the auction at Odense and asparagus fields in the southern part 
of the island were visited. 

Breeding problems in relation to yield, quality, and disease resistance were discussed. 

The director of the Esbjerg research station, Mr. M. BLANGSTRUP JORGENSEN, will publish a full 
report on the meeting. This will be sent to the members of the group and will be available to other 
persons interested on application to the station at Esbjerg. 

The next meeting of the asparagus group will be in 1963. 


XI INTERNATIONAL CONGRESS OF GENETICS 


The XI International Congress of Genetics will be held in The Hague, Netherlands, from Septem- 
ber 2 to 10 inclusive, 1963. The main activities of the Congress will be at Scheveningen, the inter- 
nationally famed seaside resort of The Hague. 

The programme will consist of symposia of invited lectures, panel discussions, short reports, 
demonstrations, etc. The mornings will be mainly devoted to symposia of invited papers, the after- 
noons to short reports of members. 

On Sunday evening, September 1, there will be an informal reception at Scheveningen. The official 
opening will take place on Monday morning, September 2 and an official reception on Tuesday 
evening. Excursions are planned for Thursday, September 5. Sunday, September 8 is a free day. 
A farewell party will be held on Monday evening and the final business meeting on the afternoon of 
Tuesday, September 10. Additional excursions are being considered, the details will be provided later. 

Organising Committee: 

The President is Professor Dr. C. L. RÜMKe, Utrecht, Netherlands. 

The Secretary is Professor Dr. S. J. GEERTS, Nijmegen, Netherlands. 


Congress Bureau: 
The address of the secretariat of the XI International Congress of Genetics is: 
14, de Monchyplein, The Hague, Netherlands. 
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AGRONOMY JOURNAL 


This official organ of the American Society of Agronomy is now a bimonthly publication 
of up-to-date reports of general agronomic research. (It alternates with CROP SCIENCE, 
which carries. reports of a more technical nature in crop breeding, genetics, and physio- 
logy). Workers in the fields of forages and pastures, crop improvement, cultural practices, 
soil fertility, and allied areas of snvestigation will find articles of lasting interest in 


AGRONOMY JOURNAL. 


Publication is open to members of the American Society of Agronomy. 


$ 12 per year, in U.S. and Canada; $ 13 per year elsewhere 


AMERICAN SOCIETY OF AGRONOMY 


2702 Monroe Street 
Madison 5, Wisconsin, U.S.A. 


CROP SCIENCE 


Crop breeders, plant geneticists and physiologists, and workers in related areas will find 
CROP SCIENCE a source of valuable articles in the more technical aspects of agronomy. 
This new, bimonthly journal alternates with AGRONOMY JOURNAL, and carries 
reports of research in the genetics, physiology, ecology, breeding and management of field 
crops, turfgrasses, pastures and ranges, and in seed technology. It is published by the 


Crop Science Society of America. 


$ 12 per year in U.S. and Canada; $ 13 per year elsewhere 


AMERICAN SOCIETY OF AGRONOMY 


2702 Monroe Street 
Madison 5, Wisconsin, U.S.A. 


The Indian Journal 
of Genetics 
and Plant Breeding 


Official publication of The Indian Society of Genetics and Plant Breeding 


Founded in 1941. Contains articles on subjects of interest to the Plant 
breeders on genetics, cytology, plant breeding methods, biometrical studies, 
crop improvement work in India, reviews of present state of knowledge in 
important fields, etc. 


Vol. 20 (1960) contains among others original articles on: 


The origin of rice, pachytene analysis in rice, genetics of rust resistance in 
wheat, chromosome pairing in Solanum, eytology and origin of coconut, 
inheritance of quantitative characters in linseed, morphological and cyto- 
logical effects of P32 and S35 in plants, etc 


Published three times a year in volumes of about 250 pages. There was only 
one issue in 1941 and two issues per annum till 1959. Vol. 21 appears in 1961. 
The subscription rate in Rs. 20/- per year (inclusive of postage). Backnum- 
bers of some of the volumes are still available. 


Address all communications on Editorial matters to Dr. B. P. PAL, Director, 
LA.R.L, New Delhi-12, (India) and on business matters to the Secretary/ 
Treasurer, Division of Botany, LA.R.I., New Delhi-12, (India). 


FIELD CROP ABSTRACTS 
AND 


HERBAGE ABSTRACTS 


These two quarterly journals, prepared by the Commonwealth Bureau of 
Pastures and Field Crops, are composed of abstracts in English from the world’s 
current scientific literature. Herbage Abstracts deals with grasslands and fodder 
crops while Field Crop Abstracts covers annual field crops. Both journals in- 
ciude review articles on subjects of current interest, as well as informative ab- 
stracts dealing with crop husbandry, varieties, crop botany and the control 
of diseases, pests and weeds. 

For those engaged in agricultural research, or in advising farmers, these two 
journals offer a ready means for keeping in touch with current progress in agri- 
cultural research without the need for scrutinizing the mass of agricultural 
publications now appearing throughout the world in many languages—an im- 
possible task for an individual. The annual subject- and author-indexes to 
Herbage Abstracts and Field Crop Abstracts, dating from 1930 and 1948, res- 
pectively, form a valuable source of reference to past work. 

Each journal (with annual indexes) costs 50 shillings, or $ 7.00, per annum, 


post free. 


Specimen copies and further information can be obtained from: 


THE DIRECTOR 


COMMONWEALTH BUREAU OF PASTURES AND FIELD CROPS 
HURLEY, BERKSHIRE 


ENGLAND 


GENETICA AGRARIA 


A journal of “Genetics applied to Agriculture” edited by “Centro di Gene- 


tica del Consiglio Nazionale delle Ricerche” and “Società Italiana di 


Genetica Agraria’”’ (SIGA), Pavia, Italy. 


The Journal is issued four times a year. Price per volume of about 400 pages 


till. Vol. 9°, L. 4000 or $ 7.00; since Vol. 10, L. 5000 or $ 8.5. 


Besides other original papers, proceedings of Symposia of the SIGA are published (see 
in Euphytica 9, 1960, No. 3): 


Vol. XII®, 1960: 


Vol. XII®, 1960: 
Vol. XIV®, 1961: 
Vol. XV, 1961: 


“Proceedings of the I° National Meeting in Lonigo”’ on ““Im- 
proved Seeds”, n. 1-2: pp. 229, Figs. 14, Tab. 9 (wheat, maize, rice, 
forage crops, horticultural crops, potatoes, sugar-beet). 

N. 34: pp. 168, Figs. 18, Tab. 33 — Proceedings Vlth meetings of 
the SIGA on: “Induced mutations (by radiation or chemicals) 
and plant breeding; (reports in English by MeKey, NILAN, GAUL, 
HAGBERG, EHRENBERG, and in Italian by D’AMATO, DONÀ, 
BIANCHI). 


n. 1-2: pp. 221, Figs. 7 Tab. 47 + 2 Col. “Proceedings VI° 
Meeting SIGA in Forlì, ’59.”’ Reports in English of FAVRET, 
JuréÉN, GÉuN, Hesror, Jorcy, and Italian of Juccr, Esposrro 
ÄVANZI, SCARASCIA, WITTMER, MARCHESL, MELETTIL, MANUNTA, 
FAVA, ROGNONI; n. 3-4: Report in English of DATTA, MIKAELSEN, 
Woop, etc. (in press). 


“Proceedings VII® Meeting of the SIGA in Padova” on “Genetics 
and Agriculture: in silkworms culture, in agricultural entomology 
and in plant breeding” (reports in English of MACKELvIE, Woop, 
SPURWAY, HOGEN EscH; French of GENEVOIS, POCHON, and in 
Italian of LOMBARDI, BIANCHI, MANUNTA, MTILANI, MASERA, 
ROGNONI, COLOMBO, GIORGI, BATTAGLIA). 


“Proceedings 11° National Meeting on durum wheat, Foggia 
(June 1960)”. Reports of CARRANTE, JUCCI, VISCO, CONTI‚ DIONIGI, 
MALIANI, CANDURA, CASALI, AGNESI, KOKOLIOS (Greece), BONAS- 


PETTI (Brazil). 


Orders may be sent to the editor or placed through book-sellers 


Managing editor: PROF. C. JUCCI, CENTRO DI GENETICA DEL C.N.R., 


PALAZZO BOTTA, PAVIA, ITALY 


HORTICULTURAL 
ABSTRACTS 


A Quarterly Journal compiled by The Commonwealth Bureau of Horti- 
culture and Plantation Crops, East Malling, Kent, England, from world 
literature on research and progress in the cultivation of: 


TEMPERATE AND TROPICAL FRUIT, VEGETABLES, 
ORNAMENTALS AND PLANTATION CROPS 


Issued in March, June, September and December each year. 
Current Number Vol. 31, No. 2 


CONTENTS OF INDIVIDUAL NUMBERS 
Ll. Detailed List of Contents giving easy access to particular problems of 
individual crops. 


2. More than 1500 Abstracts or Notes of papers published in many 
languages on current research or progress in particular fields. Reviews 
draw attention to new technical books of special interest. 


3. Author Index. 
INDEXES 


A comprehensive subject and author index, covered by the subscription, is issued 
yearly. In addition, composite indexes are available for 
Vols. 1-10, 11-15, 16-20, 21-25 and 26-30. 


Obtainable from 


Commonwealth Agricultural Bureaux, Farnham Royal, Bucks, England. 
Subscription per volume, including index, 70 s. or $ 9.80, separate parts or annual 
indexes 20 s. or $ 2.80, post free. 


SPECIMEN COMPLIMENTARY COPIES FROM THE COMMONWEALTH 
BUREAU AT EAST MALLING 


Netherlands Journal 
of Agricultural Science 


Quarterly Journal edited by: 
KONINKLIJK GENOOTSCHAP VOOR LANDBOUWWETENSCHAP 


(Royal Netherlands Society for Agricultural Science) 


Some papers published in Volume VII (1960), IX (1961) 
and Volume X (1962): 


Thermodynamics of soil moisture 
Blisterblight in tea 
Hypomagnesaemia in milking cows 
Quick tests in soil and plantanalysis 
Investigations on poisoning tropical rainforests for landreclamation 
Nematodes in relation to plant growth 
Research in the field of advisory work 
Multiple factor analysis as a method of agricultural research 


Rural extension in a developing country 
% 


Annual subscription price: 16 Dutch guilders (£ 1.10 or $ 4.25). 
The journal is issued four times a year in annual volumes of about 


300 pages. 
%X 


All inquiries regarding the journal and requests for specimen copies should 


be addressed to: 


IR. A. EVERS, POSTBOX 33, WAGENINGEN, HOLLAND 


COMMONWEALTH BUREAU OF PLANT BREEDING 
AND GENETICS 
SCHOOL OF AGRICULTURE, CAMBRIDGE, ENGLAND 


Information on all topics concerned with 
the improvement of economic plants and 
microorganisms, in particular the methods 
and achievements of crop breeding, field 
trials, new varieties and strains, genetics, 
cytology and applied statistics is given 
regularly in the journal 


PLANT BREEDING 
ABSTRACTS 


COMPILED FROM WORLD LITERATURE 


Each volume contains five to six thousand 
abstracts from articles and reports in thirty 
to forty different languages, also reviews 
of new books and notices of new journals. 


Subscription rate: 110 s or $ 16.50 per volume (including indexes) 


* 


Order through booksellers or to 


COMMONWEALTH AGRICULTURAL BUREAUX 
CENTRAL SALES BRANCH, FARNHAM ROYAL, SLOUGH, 
ENGLAND 
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